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6PDOO SR[ PHDVOHV EXERQLF SODJXH OHSUD FKROHUD W\SKRLG DUH MXVW D IHZ LPSRUWDQW
H[DPSOHV RI YLUDO DQG EDFWHULDO DJHQWV WKDW KDYH EHHQ PRVWO\ HOLPLQDWHG LQ WKH:HVWHUQ
ZRUOGZKLOHPRGHUQ GD\ LQIHFWLRXV GLVHDVHV LQFOXGHPDODULD SURWR]RDQ DQG+,9$,'6
YLUDO DQG ZRUOGZLGH WXEHUFXORVLV EDFWHULDO VWLOO FDXVHV QHDUO\  PLOOLRQ GHDWKV HYHU\
\HDU 7KH ILHOG RI PLFURELRORJ\ GHYHORSHG LQ UHVSRQVH WR WKH QHHG WR FRQTXHU WKHVH
SDWKRJHQV DQG HUDGLFDWH LQIHFWLRXV GLVHDVHV IURP VRFLHW\ ZKLFK OHG WR LPSRUWDQW
GLVFRYHULHVVXFKDV/RXLV3DVWHXU¶V³JHUPWKHRU\RIGLVHDVH´%XWDQHZXQGHUVWDQGLQJ LV
HPHUJLQJ LQ ZKLFK WKH PHWDSKRU IRU ZDU DQG TXRWH IURP 3DXO 9HUKRHYHQ¶V 6WDUVKLS
WURRSHUV ³WKH RQO\ JRRG EXJ LV D GHDG EXJ´ LV QR ORQJHU DSSURSULDWH DV WKLV DSSURDFK
LJQRUHVWKHFRPPXQLW\FRQWH[WRILQIHFWLRXVGLVHDVH,QVWHDGZHQRZYLHZWKHKRVWDQGLWV
PLFURELDO FRPPXQLW\ DV D PXWXDOLVWLF FRHYROYHG V\VWHP ,Q IDFW PLFURRUJDQLVPV DUH
HYHU\ZKHUHDQGWKHYDVWPDMRULW\RIWKRVHWKDWZHFRPHLQWRFRQWDFWZLWKDUHQRWLQIHFWLRXV





ROG $W WKH EHJLQQLQJ RI WKH WK FHQWXU\ LPPXQRORJLVW ,O\D ,O\LFK 0HWFKQLNRII LQ KLV
HVVD\V7KH1DWXUHRI0DQ6WXGLHVLQ2SWLPLVWLF3KLORVRSK\DQG7KH3URORQJDWLRQ
RI /LIH 2SWLPLVWLF 6WXGLHV  WKHRUL]HG WKDW FRORQLF PLFURELDO LQKDELWDQWV UHOHDVHG
WR[LQV WKDW ZHUH GLVSHUVHG WKURXJKRXW WKH KRVW DQG SKDJRF\WHV GHVWUR\HG WKRVH WR[LQV
+RZHYHU WKLV SURFHVV DOVR FDXVHG FROODWHUDO GDPDJH WR WKH KRVW DQG WKHUHIRUH WKH
UHSODFHPHQWRIRXUQDWLYHFRORQLFLQKDELWDQWVZLWKKRVWIULHQGO\EDFWHULDIRXQGLQ\RJKXUW
PLJKWSURPRWHKHDOWKDQGORQJHYLW\VRWKDWVHQLOLW\FRXOGEHGHOD\HGDQGVRFLHW\JRYHUQHG
E\ WKHZLVH HOGHUO\ UDWKHU WKDQ WKH FKLOGLVK DQG VLOO\ \RXQJ+LV WKHRU\ IORXULVKHG IRU D
WLPHWKHQGULIWHGWRWKHIULQJHVRIPHGLFDOSUDFWLFH
+RZHYHUWKHFRQFHSWRIKRVWIULHQGO\EDFWHULDZDVUHYLYHGLQWKHPLGVDVDFRQFHSW
ZRUWK\ RI PDLQVWUHDP PHGLFDO DWWHQWLRQ:LWK LW DOVR FDPH WKH ILUVW ZDYH RI PROHFXODU
WHFKQLTXHVWKDWPDLQO\PDGHXVHRIWKH6ULERVRPDO51$U51$JHQHVXFKDVUDQGRP
FORQLQJ DQG VHTXHQFLQJ 7HPSHUDWXUH'HQDWXULQJ *UDGLHQW *HO (OHFWURSKRUHVLV 7**(
'**( TXDQWDWLYH 3&5 T3&5 RI 6 U51$ JHQHV DV ZHOO DV )OXRUHVFHQW ,Q 6LWX
+\EULGL]DWLRQ ),6+ FRXSOHG WR IORZ F\WRPHWU\ RU PLFURVFRS\ IRU TXDQWLILFDWLRQ WR
E\SDVV WKH QHHG IRU FXOWXULQJ WKH DFWXDO PLFUREHV %HIRUH WKDW WKH LGHQWLILFDWLRQ RI
LQGLYLGXDOPHPEHUVDQGFKDUDFWHUL]DWLRQRIPLFURELDOHFRV\VWHPVPRVWO\GHSHQGHGRQWKH
DELOLW\ WR FXOWXUH WKRVH EDFWHULD 7KH ILUVW FXOWXUHG UHSUHVHQWDWLYH IURP WKH KXPDQ
JDVWURLQWHVWLQDO *, WUDFW ZDV(VFKHULFKLD FROL LVRODWHG E\ 7KHRGRU (VFKHULFK LQ 
1ntodtion 

QDPLQJ LW%DFWHULXP FROL FRPPXQH$SSOLFDWLRQ RI WKHPROHFXODU WRROVPHQWLRQHG DERYH
UHYHDOHG WKDW WKH ODUJHVW IUDFWLRQ RI PLFURRUJDQLVPV IURP WKH *, HFRV\VWHP LV VWLOO
XQFXOWXUHG
'XH WR WKH UHODWLYHO\ \RXQJ DJH RI WKH UHVHDUFK ILHOG DQG WKH FRQFRPLWDQW H[SRQHQWLDO




UHVHDUFK ILHOG WKH JHQHUDWLRQ RI FRPSRVLWLRQDO GDWD LV FXUUHQWO\ DOVR VKLIWLQJ WR QRQ
VSHFLDOLVWODEV7KHUHIRUHWKHUHLVTXLWHVRPHFRQIXVLRQUHJDUGLQJWKHWHUPLQRORJ\XVHGWR
GHVFULEHWKHPLFURRUJDQLVPVLQWKH*,WUDFW7KLVWKHVLVZLOOXVHWKHWHUPLQRORJ\SURSRVHG
E\0DUFKHVL HW DO IRU WKLV VSHFLILF HFRV\VWHP EXW WKHLU GHILQLWLRQV LQ IDFW DSSO\ WR DOO
GHILQHGHQYLURQPHQWV7KHPLFUREHV LQRXU*,WUDFWDUHFROOHFWLYHO\FDOOHG WKHPLFURELRWD
³VPDOOOLIH´DOWKRXJKJHQHUDOO\RQO\WKHEDFWHULDOIUDFWLRQLVFRQVLGHUHG7KHPHWDJHQRPH
GHVFULEHV WKH FRPELQHG JHQHWLF FRQWHQW RI WKHPLFURELRWD \HW WKH WHUPPHWDJHQRPLFV LV




EDFWHULDO PHWDJHQRPLF IUDFWLRQ RQO\ )LQDOO\ WKH LQFRUUHFW WHUPPLFURIORUD ZKLFK KDV D
ORQJVWDQGLQJ KLVWRU\ LQ PHGLFDO DQG VFLHQWLILF OLWHUDWXUH LV FRQIXVLQJ DQG RXWGDWHG DV LW
UHIHUVWRHLWKHUµPLFURVFRSLFSODQWOLIH¶RUµDOOSODQWOLIHLQDPLFURKDELWDW¶$OWKRXJKGXHWR
LWV IDPLOLDULW\ IRU WKH JHQHUDO SXEOLF LW VHUYHV VRPH HGXFDWLRQDO SXUSRVH PHGLFDO
SURIHVVLRQDOV DQG VFLHQWLVWV VKRXOG UHIUDLQ IURP XVLQJ WKH WHUP DQG XVH PLFURELRWD RU
PLFURELRPHLQVWHDGGHSHQGLQJRQZKDWWKH\ZDQWWRGHVFULEH$VWKLVWKHVLVIRFXVHVLQWKH





E\ VWXG\LQJ EDFWHULDO '1$ PHWDJHQRPLFV 51$ PHWDWUDQVFULSWRPLFV SURWHLQV
PHWDSURWHRPLFV DQG PHWDEROLWHV :LWKLQ WKH '1$ EDVHG PHWKRGV ZH FDQ GLVWLQJXLVK
EHWZHHQPHWKRGV WKDW DVVHV WKHZKROH JHQRPLF FRQWHQW RU WKURXJK3&5DPSOLILFDWLRQ RI
VSHFLILF JHQHV VXFK DV WKH 6 U51$ JHQH $OO WHFKQRORJLHV KDYH WKHLU UHVSHFWLYH
DGYDQWDJHV DQG GLVDGYDQWDJHV DVVRFLDWHG ZLWK LQIRUPDWLRQ REWDLQHG YHUVXV FRVWV DQG
DFFXUDF\SK\ORJHQHWLFGHSWKDQGDQDO\WLFDOFRPSOH[LW\\HWWKH\DUHFRPSOHPHQWDU\7DEOH
 'HSHQGLQJ RQ WKH UHVHDUFK TXHVWLRQV DVNHG D FRPELQDWLRQ RI WHFKQRORJLHV FDQ EH
ate ͳ 

HPSOR\HG WR JDLQ PD[LPXP LQVLJKW LQWR ZKR LV GRLQJ ZKDW ZLWK ZKRP DQG DW ZKDW
PRPHQW












:KDW $PSOLFRQV '1$ 3URWHLQV 51$ 0HWDEROLWHV
&RVWVDPSOH ¼ ¼¼¼ ¼¼¼¼ ¼¼¼ ¼¼
&RPSOH[LW\ 0HGLXP +LJK +LJK +LJK +LJK
7D[RQRPLF
UHVROXWLRQ +LJK 9HU\KLJK 0HGLXP +LJK /RZ
$FWLYLW\














,I ZH DSSOLHG WKH SRSXODU DQG DFWXDOO\ TXLWH DSSURSULDWH WHUP µVXSHURUJDQLVP¶ WR WKH
FRPELQDWLRQ RI WKH KRVW DQG LWVPLFURELRPH ZH FRXOG XQGHUVFRUH WKH LPSRUWDQFH RI WKH
PLFURELDO IUDFWLRQ RI WKLV HFRV\VWHP ZLWK VKHHU QXPEHUV 7KH UDWLR RI KXPDQ FHOOV WR
PLFURELDOFHOOVLVQRZHVWLPDWHGWREHEHWZHHQWRGHSHQGLQJRQWKHQXPEHURIUHG




JHQHV7KHQXPEHURIEDFWHULDO VWUDLQV LQDQ LQGLYLGXDO LV QRZHVWLPDWHG WREH
UHSUHVHQWLQJVSHFLHV
7KHIRUPDWLRQRIDJXWPLFURELRPH
5HFHQWO\ FXOWXUHEDVHGDQGFXOWXUH LQGHSHQGHQW VWXGLHVKDYHTXHVWLRQHG WKH LGHD WKDW WKH
XWHUXV LV VWHULOH DQG LW KDV EHHQ VXJJHVWHG WKDW EDFWHULD DUH SUHVHQW LQ WKH SODFHQWD
DPQLRWLFIOXLGPHFRQLXPDQGXPELOLFDOFRUGEORRG+RZHYHUWKHVHVWXGLHVJHQHUDOO\
ODFNHG WUXH ELRORJLFDO DQG WHFKQLFDO FRQWUROV %LRORJLFDO FRQWUROV VKRXOG LQ WKHVH FDVHV
1ntodtion 

SUREDEO\ LQFOXGH PDWHUQDO EORRG DV ERWK YDJLQDO DQG &VHFWLRQ GHOLYHU\ DUH XVXDOO\
DVVRFLDWHG ZLWK PLOG OHYHOV RI EDFWHUDHPLD 7HFKQLFDO FRQWUROV HVSHFLDOO\ IRU VDPSOHV
ZLWK ORZ PLFURELDO ELRPDVV KDYH EHHQ VKRZQ WR EH RIWHQ GRPLQDWHG E\ EDFWHULDO '1$
FRQWDPLQDWLRQ RI FRPPHUFLDO UHDJHQWV GXVW DQG RWKHU VRXUFHV 7KHUHIRUH IXUWKHU
VWXGLHV DUH QHFHVVDU\ WR XQHTXLYRFDOO\ FRQILUP WKH H[LVWHQFH RI D YLDEOH LQWUDXWHULQH
PLFURELRPHDQGZKHWKHUWKLVPLJKWDIIHFWWKHGHYHORSPHQWRIWKHQHZERUQ,WLVJHQHUDOO\
DFFHSWHG WKDW WKH ILUVW PDMRU H[SRVXUH WR PLFUREHV LV GXULQJ WKH ELUWKLQJ SURFHVV DQG LV
KLJKO\GHSHQGHQWRIPRGHRIGHOLYHU\7KHILUVWLQRFXODWLRQGXULQJQDWXUDOFKLOGELUWKFOHDUO\
UHVHPEOHVWKHPDWHUQDOYDJLQDOPLFURELRWDZLWKLQSXWIURPWKHRWKHUSDUWVRIWKHXURJHQLWDO
WUDFW DQG OLNHO\ WKH IHFDO PLFURELRWD DV ZHOO ,Q FRQWUDVW LQIDQWV GHOLYHUHG WKURXJK D
&DHVDUHDQ VHFWLRQ &VHFWLRQ DUH FRORQL]HG ZLWK FRPPRQ VNLQ DQG HQYLURQPHQWDO
PLFUREHV)LJXUH$OWKRXJKWKHGLIIHUHQFHLQPLFURELRWDFRPSRVLWLRQEHWZHHQFKLOGUHQ








WKHQVWULFWDQDHUREHVDQG URXJKO\XSXQWLO WKH LQWURGXFWLRQRI WKHILUVWVROLGIRRGVDZHOO
FRQVWUDLQHG UDQJH RI VWHUHRW\SLFDO EDFWHULD HPHUJH LQ WKH IDHFHV )LJXUH  5DQGRP
)RUHVWVGHULYHGVSDUVHPRGHOVJHQHUDWHGIURPGLIIHUHQWGDWDVHWVIURPLQIDQWVFKLOGUHQIURP
YHU\ GLVWLQFW FXOWXUDO EDFNJURXQG DQG JHRJUDSKLFDO ORFDWLRQV LQFOXGLQJ 0DODZL 
%DQJODGHVKDQGWKH86$DQGZKRVHFKDQJHVLQUHODWLYHDEXQGDQFHRYHUWLPHGHILQHGD
SURJUDP RI QRUPDO PDWXUDWLRQ RI WKH PLFURELRWD IURP KHDOWK\ LQGLYLGXDOV DFURVV
ELRORJLFDOO\ UHODWHG DQG XQUHODWHG LQGLYLGXDOV UHYHDOHG  DJHGLVFULPLQDWRU\ EDFWHULDO
JURXSV WKDW FRXOG EH XVHG WR GHWHUPLQH WKH PDWXULW\ RI WKH PLFURELRWD &RPSDULVRQ RI
WKHVH PRGHOV IURP WKH GLIIHUHQW FRKRUWV UHYHDOHG VRPH RYHUODS LQ VSHFLHV
HVSHFLDOO\ UHODWHG WR %LILGREDFWHULXP DQG )DHFDOLEDFWHULXP )XUWKHUPRUH DSSOLFDWLRQ
RI WKH PRGHOV DFURVV GDWDVHWV VKRZHG WKDW WKH 86$ PRGHO SHUIRUPHG FRQVLVWHQWO\
ZHOO DFURVV WKH WKUHH SRSXODWLRQV 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQWV RI  DQG
 LQ WKH QRQ:HVWHUQGDWDVHWV ZKHUHDV WKH DSSOLFDWLRQ RI WKH RWKHU PRGHOV WR WKH
RWKHU GDWDVHWV VKRZHG KLJK FRQFRUGDQFH EHWZHHQ WKH QRQ:HVWHUQ GDWDVHWV EXW QRWZLWK
WKH 86$ FRKRUW 7KLV FRXOG LPSO\ WKDW D ODUJH SRUWLRQ RI WKH WD[D IURP WKH :HVWHUQ
FRKRUW ZDV IRXQG LQ WKH QRQ:HVWHUQ FRKRUWV EXW QRW YLFH YHUVD SRLQWLQJ DW D KLJKHU
SK\ORJHQHWLFGLYHUVLW\LQWKHQRQ:HVWHUQFRKRUWVEXWRYHUDOOVLPLODUWHPSRUDOG\QDPLFV
([FOXVLYH EUHDVWIHHGLQJ JHQHUDOO\ VHOHFWV IRU JHQHUD VSHFLDOL]HG LQ WKH XWLOL]DWLRQ RI




PRQWKV WKH FRPSRVLWLRQ RI WKH PLFURELRWD LV KLJKO\ G\QDPLF ZLWKLQ LQGLYLGXDOV DQG
GLIIHUHQW EHWZHHQ LQGLYLGXDOV DQG FKDUDFWHULVHG E\ ODUJH DEUXSW FRPPXQLW\ VKLIWV ZLWK
LQWHUOXGHVRIUHODWLYHVWDELOLW\RIYDU\LQJOHQJWKVRIWLPH6RPHWLPHVWKHVHVKLIWVRFFXU
WRJHWKHUZLWKOLIHHYHQWVWKDW OLNHO\LQVWLJDWHFRQVLGHUDEOHHQYLURQPHQWDOSUHVVXUHVXFKDV
DQWLELRWLFV XVH IHYHU DQG IRUPXOD IHHGLQJ 3DOPHU DQG FRZRUNHUV HYHQ REVHUYHG
V\QFKURQL]HG WUDQVLWLRQV LQ WKH RQH SDLU RI GL]\JRWLF WZLQV WKDW WKLV VWXG\ FRQWDLQHG
FRPSDUHG WR WKH XQUHODWHG LQGLYLGXDOV ZKLFK VXJJHVWV WKDW VKDUHG H[SRVXUHV DQGRU
JHQHWLFVSOD\DQLPSRUWDQWUROHGXULQJWKLVSKDVH
$EUXSWVKLIWV LQFRPSRVLWLRQ UHIOHFWFKDQJHV LQ ILOWHULQJE\ WKHKRVWVXFKDVJXWPXFRVDO
,J$ UHVSRQVHV DQGSRVVLEO\RSSRUWXQLVWLF LQYDVLRQVE\EHWWHUDGDSWHG VSHFLHV)LQDOO\
DQLQIDQW¶VXQLTXHGHYHORSPHQWDOSDWKWKURXJKWKLVHDUO\XQVWDEOHSKDVHPD\KDYHORQJHU
WHUP KHDOWK LPSOLFDWLRQV 7KH LQWURGXFWLRQ RI VROLG IRRGV DQG ZHDQLQJ DUH JHQHUDOO\
DVVRFLDWHG ZLWK WKH RQVHW RI D WUDQVLWLRQ WRZDUGV DQ DGXOWOLNH *, PLFURELRPH XQWLO
WKH PLFURELRWD ODUJHO\ VWDELOL]HV LQ PHPEHUVKLS DIWHU DSSUR[LPDWHO\ WKUHH \HDUV RI OLIH
)LJXUH
)LJXUH)DFWRUVVKDSLQJWKHQHRQDWDOPLFURELRPH
$W WKH VDPH WLPH WKH *, PLFURELRWD WULJJHUV WKH GHYHORSPHQW DQG PDWXUDWLRQ RI WKH
QHZERUQ¶V LPPXQH V\VWHP $OWKRXJK WKHUH LV VWLOO D JUHDW GHDO RI UHVHDUFK QHHGHG WR
XQGHUVWDQGSUHFLVHO\ZKDWKDSSHQV LQ WKLVGHYHORSPHQWDOSURFHVV LWDSSHDUV WKHPDWXULQJ













































DQG O\PSK QRGHV ,W VHHPV WKDW WKH HDUO\ FRORQL]HUV SOD\ D ODUJH UROH LQ VKDSLQJ RXU
LPPXQH V\VWHP DQG PLJKW HYHQ KDYH EHHQ GULYHUV IRU WKH GHYHORSPHQW RI DGDSWLYH
LPPXQLW\7\SLFDOO\HYROXWLRQDU\SUHVVXUHVWKDWVKDSHLPPXQHVWUDWHJLHVDUHRIWHQYLHZHG
IURP D KRVW GHIHQFH SHUVSHFWLYH +RZHYHU LW KDV EHHQ SURSRVHG WKDW WKH LQYHQWLRQ RI
DGDSWLYH LPPXQLW\FRXOGZHOOKDYHEHHQGULYHQDVDPHDQV WRSURPRWH UDWKHU WKDQ OLPLW








$W WKH KLJKHU WD[RQRPLF UDQNVPHPEHUVKLSRI WKH KXPDQ*,PLFURELRWD LV TXLWH VLPLODU
DQGPDLQO\ FRQVLVWV RI VSHFLHV IURP WKH SK\OD )LUPLFXWHV %DFWHURLGHWHV$FWLQREDFWHULD
9HUUXFRPLFURELD DQG 3URWHREDFWHULD $W WKH VSHFLHV DQG VWUDLQ OHYHO KRZHYHU HDFK
LQGLYLGXDO VHHPV WR EH KRVW WR D XQLTXH DQG DOPRVW SHUVRQDO PLFURELRWD 7KH SUHYLRXV
VHFWLRQKDVKLJKOLJKWHG WKHSURFHVVHV WKDWFRXOGSRVVLEO\JLYH ULVH WR VXFKYDULDWLRQ7KLV
VHFWLRQZLOOIRFXVRQWKHUROHRIDQRWKHUYDULDEOHLQWKLVFRPSOH[PXOWLIDFWRULDOSURFHVVRI
VKDSLQJWKHLQWUDLQGLYLGXDOYDULDWLRQRIWKHPLFURELRWDQDPHO\WKHKRVWLWVHOI

















RI HQYLURQPHQWDO DQG JHQHWLF LQIOXHQFHV RQ LQGLYLGXDOV ,Q KXPDQ VWXGLHV RI KHULWDELOLW\
WKHVH DUH RIWHQ DSSRUWLRQHG LQWR IDFWRUV IURP VKDUHG HQYLURQPHQW DQG QRQVKDUHG
HQYLURQPHQWEDVHGRQWKHSUHPLVHWKDWSHUVRQVEURXJKWXSLQWKHVDPHKRXVHKROGVKDUHDQ
HQYLURQPHQWWKDW LVPRUHRUOHVVVLPLODUFRPSDUHGWRSHUVRQVZKRZHUHQRW7KHFODVVLFDO





6HYHUDO VWXGLHV KDYH UHSRUWHG WKDW WKH PLFURELRWD RI PRQR]\JRWLF WZLQ SDLUV LV QR PRUH
VLPLODULQWHUPVRIWKHLUJXWEDFWHULDOFRPPXQLW\VWUXFWXUHWKDQDUHVLPLODUO\DJHGGL]\JRWLF
FRWZLQV DW VHYHUDO DJH UDQJHV IURP YHU\ GLIIHUHQW FXOWXUDO EDFNJURXQGV DQG JHRJUDSK\
7KHVH VWXGLHV LQFOXGHG LQGLYLGXDOV IURP WKH $PD]RQDV RI 9HQH]XHOD UXUDO 0DODZL
%DQJODGHVK DQG WKH 86 PHWURSROLWDQ DUHDV ZLWK +LVSDQLF QRQ+LVSDQLF DQG $IULFDQ
$PHULFDQ WZLQV OLYLQJ WRJHWKHU DV ZHOO DV DSDUW WKURXJKRXW WKH 8QLWHG 6WDWHV 6WXGLHV
FRYHUHGWKHFRPSOHWHVSHFWUXPRIGHYHORSPHQWDOSURJUHVVLRQRIWKHPLFURELRWD7KHHDUO\
\HDUV  PRQWKV  PRQWKV PRQWKV DQG WKH WUDQVLWLRQ LQWR DGXOWKRRG
WHHQDJHG WZLQV DQG ILQDOO\ DGXOWV 0RVW OLNHO\ GLIIHUHQFHV LQ VRFLDO VWUXFWXUHV PD\
LQIOXHQFHWKHH[WHQWRIYHUWLFDOWUDQVPLVVLRQRIWKHPLFURELRWDDQGWKHIORZRIPLFUREHVDQG








FXOWXUDO DUHDV VXJJHVWLQJ WKH XQGHUO\LQJPHFKDQLVPV IRU WKH GHJUHH RI VLPLODULW\ DPRQJ
PHPEHUVRIDIDPLO\DUHUHODWLYHO\XQLYHUVDO7KHVHILQGLQJVHPSKDVL]HWKHVLJQLILFDQFHRI
D KLVWRU\ RI QXPHURXV FRPPRQ HQYLURQPHQWDO H[SRVXUHV DQG WKDW ZH DFTXLUH PLFUREHV
IURP FRPSHWLQJ VRXUFHV RWKHU WKDQ RU LQ DGGLWLRQ WR RXU IDPLO\PHPEHUV ZKLFKPLJKW










WZLQSDLUV $OWKRXJK WKLV VHHPV WR SRLQW WR WKH LQIOXHQFH RI JHQHWLFV WKLV FRQFOXVLRQ
GHSHQGVRQ WKH YDOLGLW\RI WKH HTXDO HQYLURQPHQWV DVVXPSWLRQ´ (($ DV DQ XQGHUO\LQJ
SUHPLVH DQGZKLFK DVVXPHV WKDW LGHQWLFDO DQG IUDWHUQDO WZLQ SDLUV H[SHULHQFH HTXLYDOHQW
WUDLWUHOHYDQW HQYLURQPHQWDO H[SRVXUHV HVSHFLDOO\ HDUO\ LQ OLIH +RZHYHU ODWHO\ WKLV
DVVXPSWLRQ KDV EHHQ VKRZQ WR EH IODZHG DQG KHQFH LWV XVH GRHV QRW SURYLGH DQ\ YDOLG
LQGLFDWLRQRIJHQRPLFHIIHFWV
1RQHWKHOHVV VHYHUDO JHQHV KDYH EHHQ DVVRFLDWHG ZLWK GLIIHUHQFHV LQ PLFURELRWD
FRPSRVLWLRQ LQ VPDOOHU FDVHFRQWURO VWXGLHV 7KHVH LQFOXGH IRU H[DPSOH WKH)87 JHQH
WKDWFRGHVIRUWKHIXFRV\OWUDQVIHUDVHHQ]\PHZKLFKLVUHVSRQVLEOHIRUWKHV\QWKHVLVRIWKH
+DQWLJHQLQERG\IOXLGVDQGRQWKHLQWHVWLQDOPXFRVD7KH+DQWLJHQLVDQROLJRVDFFKDULGH
PRLHW\ WKDW DFWV DV ERWK DQ DWWDFKPHQW VLWH DQG FDUERQ VRXUFH IRU LQWHVWLQDO EDFWHULD
$QRWKHU JHQH 1RG LV LQYROYHG LQ *, KRPHRVWDVLV DQG KDV EHHQ VKRZQ WR LPSDFW
PLFURELRWDFRPSRVLWLRQLQURGHQWV,QWHUHVWLQJO\FHUWDLQSRO\PRUSKLVPVRIERWKRIWKHVH




$OWKRXJK VKRUW WHUP LQWUDLQGLYLGXDO FKDQJHV DUH OHVV SURQRXQFHG WKDQ LQWHULQGLYLGXDO
FKDQJHV   GHVFULELQJ WKH DGXOW VWDWH DV µVWDEOH¶ PD\ QRW VXIILFH ZKHQ VWDELOLW\ LV
GHILQHG DV WKH SHUPDQHQW FRH[LVWHQFH RI ORFDOO\ RFFXUULQJ VSHFLHV EHFDXVH HYHQ WKH
FRPSRVLWLRQ RI WKH DGXOW JXWPLFURELRWD DSSHDUV WR FKDQJH VOLJKWO\ RYHU WLPHZLWKPRUH
WD[DVKDUHGEHWZHHQVKRUWHUVDPSOLQJLQWHUYDOVUHODWLYHWRORQJLQWHUYDOV,WVHHPVWKDWWKH
HQYLURQPHQWDOIDFWRUVWKDWDIIHFWWKHFRPSRVLWLRQPDLQO\H[HUWWKHLUHIIHFWDWWKHDEXQGDQFH
RI WD[D EXW OHVV WR WKHLU SUHVHQFH   7KHVH PLQRU IOXFWXDWLRQV LQ FRPPXQLW\
FRPSRVLWLRQLQWKHDEVHQFHRIODUJHGLVWXUEDQFHVLQGLFDWHWKDWORQJWHUPVWDELOLW\RIKXPDQ
JXW PLFURELRWD FRPPXQLWLHV LV QRW PDLQWDLQHG E\ LQHUWLD EXW UDWKHU E\ WKH DFWLRQ RI
XQNQRZQUHVWRULQJIRUFHVZLWKLQDG\QDPLFV\VWHP
1RQHWKHOHVV DOWKRXJK FRPSRVLWLRQDOO\ WKH PLFURELRWD LV YHU\ GLYHUVH DPRQJ LQGLYLGXDOV
DQGFDQFKDQJHFRQVLGHUDEO\ZLWKUHVSHFWWRUHODWLYHDEXQGDQFHRILWVPHPEHUVZLWKLQRQH
LQGLYLGXDO LQ WLPH WKH FRUUHVSRQGLQJ IXQFWLRQDO SURILOH EDVHG RQ WKH FROOHFWLYH JHQH
FRQWHQW LV TXLWH FRQVHUYHG DW WKH OHYHO RI &2* &OXVWHUV RI 2UWKRORJRXV *URXSV
FDWHJRULHV ZKLFK LV D UHIOHFWLRQ RI WKH FRPPRQO\ REVHUYHG KLJK IXQFWLRQDO
UHGXQGDQF\ DPRQJ GLIIHUHQW EDFWHULD LQ YDULRXV KDELWDWV ZLWK UHJDUGV WR FRUH
IXQFWLRQV UHODWHG WR '1$ UHSOLFDWLRQ DQG UHSDLU 0RUH SHULSKHUDO IXQFWLRQV VXFK
DV 6&)$ SURGXFWLRQ DUH DOVR YHU\ ZHOO FRQVHUYHG /LNHO\ WKH KXPDQ FRORQLF
HQYLURQPHQW LQYRNHV VLPLODU IXQFWLRQDOLW\ DQG IXQFWLRQV LQ LQGLYLGXDOV
)XUWKHUPRUH VWXGLHV KDYH VKRZQ WKDW DV WKH QXPEHU RI VSHFLHV SHU IXQFWLRQDO




ORQJWHUP DYHUDJH HFRV\VWHP SHUIRUPDQFH ZKLOH YDULDELOLW\ LQ SHUIRUPDQFH LV UHGXFHG
7KHUHIRUH IXQFWLRQDO UHGXQGDQF\ DQG GLYHUVLW\ SURPRWH WKH ORQJWHUP SUREDELOLW\ RI
SHUVLVWHQFH DQG HQKDQFHV UHVLOLHQFH WR SXOVH SHUWXUEDWLRQV HQVXULQJ WKH FRQWLQXLW\ RI
IXQFWLRQVWKDWDUHLPSRUWDQWWRWKHKRVW
,QVXPPDU\PLFURELRPHDVVHPEO\LQQHZO\FUHDWHGKDELWDWVVXFKDVWHULOHQHZERUQVOLNHO\
LQYROYHV D JUDGXDO VKLIW IURP FRQGLWLRQV XQGHU WKH VWURQJ LQIOXHQFH RI VWRFKDVWLF DQG
KLVWRULFDOIDFWRUVVXFKDVELUWKPRGHPHGLFDOLQWHUYHQWLRQVDQGLOOQHVVWRZDUGVFRQGLWLRQV
LQFUHDVLQJO\LQIOXHQFHGE\HQYLURQPHQWDOVHOHFWLRQZLWKZHDQLQJDVDVWURQJFDWDO\VWDQG
ZLWK GHYHORSPHQW WRZDUGV DQ DGXOWOLNH FRPSRVLWLRQ FRQWLQXLQJ LQWR FKLOGKRRG %DVHG
RQ UHFHQW ZHOO SRZHUHG VWXGLHV WKH QRUPDOKHDOWK\ PLFURELRWD VHHPV WR EH GRPLQDQWO\
VKDSHG E\ D KLVWRU\ RI QXPHURXV FRPPRQ HQYLURQPHQWDO H[SRVXUHV IURP FRPSHWLQJ
VRXUFHV RWKHU WKDQ RU LQ DGGLWLRQ WR RXU IDPLO\ DQG D PXFK VPDOOHU LQIOXHQFH RI KRVW
JHQRW\SH XQGHU QRUPDO KHDOWK\ FLUFXPVWDQFHV +RZHYHU LQ VSHFLILF FDVHV VXFK DV








VXFK DV UKHXPDWRLG DUWKULWLV W\SH  GLDEHWHV DQG FHOLDF GLVHDVH WKH PRUH REYLRXV
IXQFWLRQDO*, GLVRUGHUV VXFK DV ,%6 DQG ,%'  DV ZHOO DVPRUH XQOLNHO\ FRQGLWLRQV
VXFKDVDXWLVPDQG3DUNLQVRQ¶VGLVHDVH
7KH UHDVRQV IRU VXFK DVVRFLDWLRQV DUH QRW \HW FOHDU DQG PD\ UHIOHFW HLWKHU FDXVDO RU
VHFRQGDU\ SURFHVVHV GXH WR WKH LPSDFW RIPLFURELDO FRPSRVLWLRQ DQGRU IXQFWLRQ DQG WKH





PDQ\ DVSHFWV RI WKH PLFURELRWD )LUVW LQYLWUR V\VWHPV WKDW PLPLF WKH FRQGLWLRQV RI WKH
KXPDQ*,WUDFWVXFKDV6+,0(DQG7,0KDYHPDLQO\EHHQXVHGWRVWXG\WKHHIIHFWRI
GLHWDU\ DQG SKDUPDFHXWLFDO FRPSRQHQWV RQ WKH FRPSRVLWLRQ DQG PHWDEROLF RXWSXW RI WKH
PLFURELRWDZLWKUHJDUGVWRJHQRWR[LFLW\6&)$DQGRWKHUPLFURELDOPHWDEROLWHVWKDWPLJKW
LQWHUDFWZLWKWKHKRVW+XPDQLQYLYRVWXGLHVDUHRIWHQUHVWULFWHGWRIDHFDOVDPSOHVZKLFK









K\SRWKHVHV WKDW QHHG WR EH WHVWHG LQ KXPDQ FOLQLFDO WULDOV ,Q WXUQ WKHVH LQ YLWUR FXOWXUH
V\VWHPV SURYLGH DQ RYHUVLPSOLILFDWLRQ RI WKH LQ YLYR VLWXDWLRQ DV RQO\ WKH FDHFXP DQG
SUR[LPDO FRORQ H[KLELW FKDUDFWHULVWLFV RI D FRQWLQXRXV FXOWXUH 7KH\ DOVR ODFN LPSRUWDQW
IHHGEDFN PHFKDQLVPV E\ WKH KRVW VXFK DV WKH UHOHDVH RI DQWLPLFURELDO FRPSRXQGV DQG
GLUHFWLQWHUDFWLRQVZLWKWKHLPPXQHV\VWHP7KHVHFKDUDFWHULVWLFVPLJKWEHLPSRUWDQWLI
D FHUWDLQ FRPSRVLWLRQ PLJKW EH FRQVLGHUHG G\VELRWLF RQO\ LI FHUWDLQ SKHQRW\SLFDO KRVW
IHDWXUHV DUH H[SUHVVHG )RU LQVWDQFH SURGXFWLRQ RI WR[LF PHWDEROLWHV RI DQ ,%' SDWLHQW¶V
PLFURELRWD ZDV VKRZQ WR EH KLJKHU WKDQ WKDW RI D KHDOWK\ LQGLYLGXDO +RZHYHU WKH
SK\VLRORJLFDOFRQGLWLRQVIRUKHDOWK\LQGLYLGXDOVZHUHDOVRXVHGIRU,%'SDWLHQWV,WLVOLNHO\
WKDWGLIIHUHQFHVPD\H[LVWEHWZHHQKHDOWK\LQGLYLGXDOVDQG,%'SDWLHQWVZLWKUHVSHFWWRS+
UHGR[ SRWHQWLDO JXW WUDQVLW DQG GLHWDU\ KDELWV DQG WKXV WKH VXEVWUDWHV WKDWPDNH LW WR WKH
FRORQ 7KHUHIRUH LQ YLWUR PRGHO V\VWHPV SURYLGH XQSUHFHGHQWHG PHFKDQLVWLF GHSWK WR







+RZHYHU WR LQWHUSUHW DQG WUDQVODWH WKH NQRZOHGJH JDLQHG IURP WKHVH VWXGLHVZH QHHG WR
DSSUHFLDWH DQG IDFWRU LQ WKH GLIIHUHQFHV LQ EHKDYLRXU DQG SK\VLRORJ\ RI WKH*, WUDFW DQG
QDWXUDO FRPSRVLWLRQ RI WKH PLFURELRWD EHWZHHQ KXPDQV DQG URGHQWV 2YHUDOO WKH
PDPPDOLDQ GLJHVWLYH WUDFW LV VWURQJO\ FRQVHUYHG WKXV JLYHQ WKHLU VKDUHG RPQLYRURXV
QDWXUHKXPDQVDQGPLFHVKDUHVWURQJVLPLODULWLHV+RZHYHUWKHUHDUHVRPHGLIIHUHQFHVLQ
WKDWKXPDQVKDYHHYROYHGWRZDUGVDVPDOOHUFHFXPZLWKQRFOHDUIXQFWLRQDQGFRORQDQGD
UHODWLYHO\ ORQJHU VPDOO LQWHVWLQH DV FRPSDUHG WR URGHQWV ,Q PLFH IHUPHQWDWLRQ RI
LQGLJHVWLEOH IRRG FRPSRQHQWV LV FRPSDUWPHQWDOL]HG LQ WKH FHFXP ZKLOH LQ KXPDQV WKLV
WDNHVSODFHLQWKHFRORQ&HOOVWKDWDUHHVVHQWLDOWRLQWHVWLQDOLQWHJULW\DQGKRVWPLFURELRWD
HTXLOLEULXP VXFK DV JREOHW DQG 3DQHWK FHOOV DUH FRQVHUYHG EHWZHHQ WKH WZR VSHFLHV





DV ZHOO DV PHWDWUDQVFULSWRPHV WKDW PHPEHUVKLS LV VLJQLILFDQWO\ GLIIHUHQW DW KLJKHU
UHVROXWLRQ
7KH PDLQ DGYDQWDJHV RI PXULQH PRGHOV DUH WKDW WKH\ DOORZ H[WUHPH LQWHUYHQWLRQV DQG
WDUJHWLQJRI VSHFLILFJHQHSDWKZD\V WKURXJKNQRFNRXWPRGHOV WR VWXG\ WKHFDXVDO UROH RI








DQG WU\LQJ WR SURYH FDXVDOLW\ LQ JXW PLFURELRWD UHVHDUFK   *OREDOO\ WKH\ UHWDLQ D
KXPDQFRPSRVLWLRQRISK\ODFODVVHVDQGaRIJHQXVOHYHOWD[DH[FHSW
IRUWKHDEVHQFHRIPDQ\ORZDEXQGDQFHWD[DZKLFKPLJKWVWLOOEHUHOHYDQW8VHRIDOORI
WKHVH PRXVH PRGHOV KDV EURXJKW PRUH LQVLJKWV LQWR WKH PHFKDQLVPV DQG WKH UROH RI WKH
PLFURELRWDLQSDWKRORJLHVVXFKDVJURZWKLPSDLUPHQWIURPPDOQRXULVKPHQWREHVLW\
DQG ,%' 1HYHUWKHOHVV LW KDV EHHQ VKRZQ WKDW WKH\ PLJKW QRW IXOO\ UHFDSLWXODWH WKH
PHFKDQLVPV RI WKH KXPDQKRVW±JXWPLFURELRWD LQWHUDFWLRQ ,W VKRXOG EH KLJKOLJKWHG
VSHFLILFDOO\ IRU KXPDQL]HGPLFH WKDW DOWKRXJK WKHPLFURELRWD UHIOHFWV WKHFRPSRVLWLRQRI











RI KRPRJHQHRXV UHVSRQVHV 7KLV VDLG WKH\ DUH RQH RI YHU\ IHZ PHWKRGV WR DVVHVV
FDXVDOLW\ LQ PLFURELRWD UHVHDUFK DQG WKXV IXUWKHU GHYHORSPHQW DQG LPSURYHPHQW RI WKLV
DSSURDFKLVHVVHQWLDO)RULQVWDQFHWKHXVHRIZLOGPLFHZLWKPRUHKHWHURJHQHRXVJHQHWLFV





,Q FRQWUDVW WR LQ YLWUR DQG LQ YLYR PRGHOEDVHG VWXGLHV DV GHVFULEHG DERYH VWXGLHV
ZLWK KXPDQ YROXQWHHUV KDYH ODUJHO\ SURYLGHG DVVRFLDWLRQV 7KLV SDUDJUDSK LV QRW
PHDQW WR EH H[KDXVWLYH DQG PRVW KXPDQ SDWKRORJLHV DVVRFLDWHG ZLWK WKH
PLFURELRPH KDYH EHHQ UHYLHZHG LQ GHSWK HOVHZKHUH 7KLV SDUDJUDSK ZLOO XVH
IXQFWLRQDO GLVRUGHUV RI WKH *, WUDFW )*,'V DV D SDUDGLJP IRU D PDMRULW\ RI KXPDQ
KHDOWKPLFURELRWD LQWHUDFWLRQV DV WKH\ UHSUHVHQW WKH ODUJHVW DQG FORVHVW KRVWPLFUREH
LQWHUIDFH DQG DUJXDEO\ WKH PRVW GLUHFW HIIHFWV RI DQ\ PLVFRPPXQLFDWLRQ ZRXOG EH
REVHUYHGKHUH
)*,'V W\SLFDOO\ GLVSOD\ D FRPSOH[ PXOWL IDFWRULDO DHWLRORJ\ DQGRU DUH ELRORJLFDOO\
KHWHURJHQHRXV  7KHUH DUH VHYHUDO JHQHUDO OLQHV RI HYLGHQFH WKDW VXJJHVW D GLUHFW
LQYROYHPHQW RI WKH LQWHVWLQDO PLFURELRWD LQ WKH SDWKRJHQHVLV RI FHUWDLQ )*,'V




WKHPXFRVD DQWLERGLHV WR EDFWHULDO IODJHOOLQ DQG SURGXFWLRQ RI KXPDQ ȕGHIHQVLQKDYH
EHHQ VKRZQ WR EH GLIIHUHQW LQ ,%6 FRPSDUHG WR FRQWUROV 'LIIHUHQFHV LQ WKH IHFDO DQG
FRORQLF PLFURELRWD KDYH EHHQ LGHQWLILHG EHWZHHQ KHDOWK\ FRQWUROV DQG ,%6 VXEMHFWV DQG
DPRQJ ,%6 VXEMHFWV DV ZHOO )XUWKHUPRUH VHYHUDO PLFURELDO VLJQDWXUHV KDYH EHHQ
DVVRFLDWHG ZLWK FHUWDLQ GHPRJUDSKLF RU HWLRORJLFDO IHDWXUHV RI ,%6 +RZHYHU D IHFDO RU
PXFRVDOPLFURELDOVLJQDOGLDJQRVWLFRI,%6RURIDQ,%6VXEW\SHRUVXESRSXODWLRQKDV\HW
WREHYDOLGDWHG
7KHVH LQFRQVLVWHQFLHV PD\ UHODWH WR VHYHUDO IDFWRUV LQFOXGLQJ PHWKRGRORJLFDO
GLIIHUHQFHV VXFK DV YDULDWLRQV LQ SURWRFROV IRU VDPSOH SUHSDUDWLRQ DQG DQDO\WLFDO
DSSURDFKHV RXWOLHUV GXH WR VPDOO VDPSOH VL]HV DQG ELRORJLFDO GLIIHUHQFHV VXFK DV WKH
LQWULQVLF PLFURELRWD YDULDELOLW\ EHWZHHQ VXEMHFWV WKH IXQFWLRQDO UHGXQGDQF\ RI WKH
PLFURELRWD GLIIHUHQFHV LQ VXEMHFW VHOHFWLRQ GHILQLWLRQRI VWXG\SRSXODWLRQV DQGRYHUODS
EHWZHHQWKHYDULRXV)*,'VDVZHOO DV YDULDQFH LQ GLHW WKHUDS\ RU RWKHU HQYLURQPHQWDO
H[SRVXUHV ZKLFK DUH NQRZQ WR LQIOXHQFHWKHPLFURELRWD
,W DOVR QHHGV WR EH UHFRJQL]HG WKDW PDQ\ VWXGLHV GHVFULEH FRPSDULVRQV EHWZHHQ
GLIIHUHQW JURXSV RI VXEMHFWV RQ WKH EDVLV RI D VLQJOH IHFDO VDPSOH SHU VXEMHFW
DOWKRXJK WKH FRPSRVLWLRQ RI WKH DGXOW JXW FRPSRVLWLRQ FKDQJHV VOLJKWO\ RYHU WLPH
ZLWK VRPHWLPHV FRQVLGHUDEOH FKDQJHV LQ WKH DEXQGDQFH RI WD[D ZLWKLQ RQH LQGLYLGXDO
7KHUHIRUH VXFK D VQDSVKRW RI WKH PLFURELRWD LQ XQGHUSRZHUHG VWXGLHV PLJKW EH YHU\
VHQVLWLYH WR RXWOLHUV DQG DV D UHVXOW VXFK FRPSDUDWLYH DQDO\VHV FDQQRW GLIIHUHQWLDWH
EHWZHHQFDXVHFRQVHTXHQFHRUFRLQFLGHQFH




LV HYLGHQW WKDW ZHOO SRZHUHG ORQJLWXGLQDO VWXGLHV LQYROYLQJ UHSHDWHG VDPSOLQJ RI




RXUVHOYHV FRQFHUQ LV JURZLQJ DERXW WKLQJV ZH DUH GRLQJ WKDW PD\ GLVWXUE WKLV V\VWHP
$QWLELRWLFXVHLV MXVWRQHH[DPSOHRIFRPPRQPHGLFDOSUDFWLFHWKDWPD\EHDOWHULQJWKH






IRXQG LQ KXPDQ VNHOHWDO UHPDLQV IURP  &(  +RZHYHU VLQFH SHQLFLOOLQ LQ WKH
VDQWLELRWLFVKDYHEHHQLQEURDGXVHIRUWUHDWLQJLQIHFWLRXVGLVHDVHVLQKXPDQVDVZHOO
DVDWVXEWKHUDSHXWLFOHYHOVWRVWLPXODWHPHDWSURGXFWLRQLQOLYHVWRFN+RZHYHUQRZWKDWLW
LV FOHDU WKDW ZH DUH KRVW WR PDQ\ PRUH PLFUREHV ZLWK PXWXDOLVWLF UDWKHU WKDQ SDUDVLWLF
LQWHUDFWLRQV ZH KDYH FRPH WR UHDOLVH WKDW EHVLGHV WKH WDUJHWHG RUJDQLVPV WKHUH LV KXJH
FROODWHUDOGDPDJHZLWKUHJDUGVWRRXUPLFURELRPH7KLVKDVEHHQVKRZQIRUDZLGHUDQJHRI
VDPSOLQJ VWUDWHJLHV WUHDWPHQW GXUDWLRQV DQDO\WLFDO DSSURDFKHV DQG DQWLELRWLFV 
'HSHQGLQJRQWKHDQWLELRWLFVWUHDWPHQWWKHFRPSRVLWLRQDVZHOODVWKHPHWDEROLFRXWSXWRI
WKH JXWPLFURELRWD LV DOWHUHG FRPSDUHG WR WKH URXWLQH WHPSRUDO YDULDELOLW\ RI FRPPXQLW\
FRPSRVLWLRQ DQG IXQFWLRQ DQG PRVW WD[D EHJLQ WR UHWXUQ WR SULRU OHYHOV ZLWKLQ VHYHUDO
ZHHNV+RZHYHUYDULRXVWD[DUHFRYHUWRGLIIHUHQWH[WHQWVZKLOHVRPHGRQRWUHFRYHUDWDOO
RYHUWKHGXUDWLRQRIWKHVWXG\%HVLGHVWKHDFXWHHIIHFWVWKHSDVWXVHRIDQWLELRWLFV







DQWLELRWLF UHVLVWDQFH DQG WKH DXJPHQWDWLRQRI DQWLELRWLFV UHVLVWDQFHJHQHV LQ WKH VXUYLYLQJ
JXWPLFURELRWD 7KHVHPRELOL]HG UHVLVWDQFH JHQHV DUH D UHVHUYRLU IRU GUXJ UHVLVWDQFH LQ




2YHUDOO UHVHDUFK VXJJHVWV WKDW JHQHUDOO\ WKH KXPDQJXWPLFURELRWDRI KHDOWK\ DGXOWV EXW
QRW WKDW RI YHU\ \RXQJ FKLOGUHQ DQG LQIDQWV LV ODUJHO\ EXW QRW HQWLUHO\ UHVLOLHQW WR VKRUW
FRXUVHVRIDQWLELRWLFWKHUDS\+RZHYHUWKHUHDUHLQVWDQFHVZKHUHWKHPLFURELRWDLVSXVKHG





FDXVDO UHODWLRQVKLS EHWZHHQ KRVW KHDOWK DQG WKH *, PLFURELRPH KDV EHHQ PRVW FOHDUO\
GHPRQVWUDWHG XVLQJ D UDGLFDO JXW PLFURELRWD PRGXODWLRQ SURFHGXUH ZKLFK UHSODFHV WKH
FRPSOHWHPLFURELRPH IURPDSDWLHQWZLWK WKHPLFURELRPH IURPDKHDOWK\GRQRU FDOOHGD
IHFDOPLFURELRPH WUDQVSODQW )077KLV FDXVDOLW\ LV SDUWLFXODUO\ VWURQJ IRU D YHU\ZHOO
GHILQHGIRUPRIG\VELRVLVORQJVWDQGLQJUHFXUUHQW&GLIILFLOHLQIHFWLRQV7KLVFDQVHUYHDVD
PRGHO IRU G\VELRVLV GXH WR LWV PHFKDQLVWLF VLPSOLFLW\ +HUH D VLQJOH RSSRUWXQLVWLF
SDWKRJHQLF RUJDQLVP ZKLFK LV D UHODWLYHO\ QRUPDO PHPEHU RI WKH KXPDQ PLFURELRPH
SUROLIHUDWHV DIWHU WKH PLFURELRWD KDV EHHQ H[WHQVLYHO\ GLVUXSWHG E\ UHSHDWHG DQWLELRWLFV
XVH,W WKHQRYHUJURZVWKHPLFURELRWDSURGXFHVWR[LQVDQGFDXVHVFROLWLVDQGGLDUUKRHDLQ
SDWLHQWVZKLFKFDQHYHQ OHDG WRGHDWK)07KDVEHHQVKRZQWRRXWSHUIRUPFRQYHQWLRQDO
DQWLELRWLF WUHDWPHQW DQG H[WUHPHO\ KLJK VXFFHVV UDWHV RI  DUH URXWLQHO\ UHSRUWHG
7KHVHKLJK VXFFHVV UDWHV KDYH VHHQ)07VXVHG LQRWKHU FOLQLFDO VHWWLQJV DVZHOO VXFK DV
8OFHUDWLYH&ROLWLVDQGLPSURYHPHQWRILQVXOLQVHQVLWLYLW\
$OWKRXJK WKH PLFURELRWD DIWHU WUDQVSODQWDWLRQ UHVHPEOHV WKH FRPSRVLWLRQ RI WKH GRQRU LW
XVXDOO\GRHVQRWHQGXSWREHDUHSOLFDRIWKHGRQRU,QWULJXLQJO\ WKHSODVWLFLW\RIWKH
PLFURELRWDWKHFRPSOHWHO\GLIIHUHQWFRPSRVLWLRQRIDQRWKHULQGLYLGXDOVHHPVDWRGGVZLWK
WKH IDFW WKDW WKHPLFURELRWD LVKLJKO\ LQGLYLGXDODQGUHODWLYHO\UHVLOLHQWZLWKUHJDUGV WR LWV
PHPEHUVKLSDQGFHUWDLQWD[DZKLFKDUHWKRXJKWWREHZLWKXVRYHUVHYHUDOGHFDGHVPD\EH
HYHQFRPLQJIURPWKHLQLWLDOELUWKLQRFXODWLRQ7KLVREVHUYDWLRQOHDGVWRWKHTXHVWLRQZKDW
DFWXDOO\FRQVWLWXWHVD QRUPDO KHDOWK\PLFURELRPHDQGZKHWKHU WKHUH LV VXFKD WKLQJ$QG
PRUH IXQGDPHQWDOO\ KRZ LPSRUWDQW LV WKH LQWHUDFWLRQ ZLWK WKH KRVW LQ KHDOWK DV ZHOO DV
GLVHDVH"7KLVZLOODLGLQWKHGHILQLWLRQDQGXQGHUVWDQGLQJRIG\VELRVLVDQGSURYLGHDEHWWHU





RIWHQ EDVHG RQ FRUUHODWLRQV DQG FDVH FRQWURO VWXGLHV FRPSDULQJ D FHUWDLQ SKHQRW\SHZLWK
ate ͳ 












KDYHEHHQH[SORUHG WKDWFRXOGUHGXFH WKHGLPHQVLRQDOLW\RI WKLVGDWDDQGVLPSOLI\ LW2QH
VXFK DSSURDFK LV WR VHDUFK IRU VWUXFWXUDO SDWWHUQV LH FRPPXQLW\ FRPSRVLWLRQV WKDW DUH
PRUHSUHYDOHQWWKDQRWKHUVGXHWRFHUWDLQHFRV\VWHPµUXOHV¶7KHILUVWHIIRUWDWFRPPXQLW\
ZLGHVWUDWLILFDWLRQEDVHGRQPHWDJHQRPLFGDWDIURPIDHFDOVDPSOHVVXJJHVWHGWKDWWKH
KXPDQ *, PLFURELRPH FRXOG EH FDWHJRUL]HG LQWR WKUHH W\SHV GHVLJQDWHG µHQWHURW\SHV¶
ZKLFKVHHPHGWREHLQGHSHQGHQWRISKHQRW\SLFDOJHQHWLFDORUOLIHVW\OHFKDUDFWHULVWLFVVXFK
DV DJH %0, KHDOWK VWDWXV JHQGHU RI GHPRJUDSK\ 7KHVH FRPPXQLW\ VWUXFWXUHV ZHUH
HQULFKHG LQ HLWKHU %DFWHURLGHV 3UHYRWHOOD RU LQ D OHVV SURQRXQFHG FOXVWHU GHILQHG E\
HQULFKPHQW RI 5XPLQRFRFFXV +RZHYHU D ODWHU VWXG\ XWLOL]LQJ WKH VDPH SURFHGXUH RQ
PHWDJHQRPLF GDWD IURP DQ RUGHU RI PDJQLWXGH PRUH LQGLYLGXDOV  IDLOHG WR FOHDUO\
GLVFULPLQDWH GLVWLQFW PLFURELRWD W\SHV 1RZ LW VHHPV WKH OHDGLQJ K\SRWKHVLV LV WKDW WKH
GLVWULEXWLRQRI WKHPLFURELRWDDPRQJ LQGLYLGXDOV UHVHPEOHVPRUHRIDJUDGLHQWZLWKPRUH
FRQWUDVWLQJDEXQGDQFHVRI3UHYRWHOODDQG%DFWHURLGHV$QRWKHUVWXG\REVHUYHGFRPPXQLW\
ZLGHVWUXFWXUDOSDWWHUQVLQ+,7&KLSSK\ORJHQHWLFPLFURDUUD\GHULYHGFRPSRVLWLRQDOGDWDRI
PRUH WKDQ  LQGLYLGXDOV /DKWL DQG FRZRUNHUV LGHQWLILHG ILYH EDFWHULDO JURXSV WKDW
GLVSOD\HG UREXVW LQGHSHQGHQW ELPRGDO DEXQGDQFH GLVWULEXWLRQV PHDQLQJ WKDW WKHVH WD[D
ZHUHSUHVHQWDWHLWKHUORZRUKLJKDEXQGDQFHZLWKDQXQVWDEOHLQWHUPHGLDWHDEXQGDQFHVWDWH
EHWZHHQWKHWZRFRQWUDVWLQJVWDWHV7KLVLQVWDELOLW\GHWHUPLQHGWKURXJKFURVVVHFWLRQDOGDWD
ZDV FRQILUPHG LQ D VXEVHW RI VXEMHFWV IURP ZKRP ORQJLWXGLQDO GDWD ZDV DYDLODEOH 7KH
LGHQWLILHG ELPRGDO EDFWHULDO JURXSV ZHUH'LDOLVWHU VSS UHODWLYHV RI%DFWHURLGHV IUDJLOLV
3UHYRWHOODPHODQLQRJHQLFDDQG3UHYRWHOODRUDOLVFRPELQHGDVRQHJURXSDQGWZRJURXSV
RI8QFXOWXUHG&ORVWULGLDOHV8&, DQG8&,,7KH DEXQGDQFH VWDWHRI WKHVH JURXSV VHHPHG
LQGHSHQGHQW RI VKRUWWHUP GLHWDU\ LQWHUYHQWLRQV DQG DVVRFLDWHGZLWK KRVW FKDUDFWHULVWLFV
VXFKDV%0,DQGDJH)RULQVWDQFH8&,,VKRZHGDYHU\FOHDUVKLIWLQJVWDWHSUREDELOLW\IURP





DXWKRUV SURSRVHG WKDW WKHVH µEDFWHULDO GLSVZLWFKHV¶ FRXOG EH WDUJHWHG LQ WKH IXWXUH IRU
WKHUDSHXWLFDSSURDFKHV
$QRWKHU DYHQXH WKDW KDV EHHQ H[SORUHG WR VLPSOLI\ WKLV V\VWHP DQG WR GHILQH D QRUPDO
KHDOWK\PLFURELRPH LV WR GHWHUPLQH D VWDEOH FRUH RU SRVVLEO\ DPLQLPDOPLFURELRPH DQG
DQVZHUWKHTXHVWLRQZKHWKHUDVHWRINH\VSHFLHVFRXOGSHUIRUPDOOWKHQHFHVVDU\IXQFWLRQV
RIDKHDOWK\QRUPDOPLFURELRPH$OWKRXJKWKLVTXHVWLRQKDVEHHQH[WHQVLYHO\VWXGLHGWKHUH
LV VWLOO QR FRQVHQVXV RQ D SK\ORJHQHWLF PLFURELRWD FRUH 7KLV LV SDUWO\ GXH
WR LQFRQVLVWHQFLHV EHWZHHQ WKH GHILQLWLRQ RI VXFK D FRUH VXFK DV FXWRIIV IRU
PLQLPXP DEXQGDQFH DQG SUHYDOHQFH RI D JLYHQ SK\ORW\SH WR EH FRQVLGHUHG D
PHPEHU RI WKH FRUH WKH SK\ORJHQHWLF UHVROXWLRQ DW ZKLFK WKH FRUH LV GHILQHG DQG
YDULDWLRQV LQ VWXG\ SRSXODWLRQV ZLWK UHJDUGV WR YDULDEOHV WKDW DUH NQRZQ WR LQIOXHQFH
WKH PLFURELRWD FRPSRVLWLRQ VXFK DV DJH KHDOWK VWDWXV GLHW DQG GHPRJUDSK\  
 %HVLGHV D ELRORJLFDO IRXQGDWLRQ VRPH RI WKH DIRUHPHQWLRQHG LQFRQVLVWHQFLHV FRXOG
EH DSSRLQWHG WR WKH P\ULDG RI WHFKQRORJLHV WKDW DUH LQ XVH RU KDYH EHHQ XVHG WR
VWXG\ WKLV FRUH DQG WKHLU LQGLYLGXDO VWUHQJWK DQG ZHDNQHVVHV VXFK DV WKH PD[LPXP
DFKLHYDEOH SK\ORJHQHWLF UHVROXWLRQ GLIIHUHQFHV LQ FRQILGHQFH DW ORZ DEXQGDQFH
WKUHVKROGV WKH XVH RI GLIIHUHQW UHIHUHQFH GDWDEDVHV DQG WKH FRYHUDJH DQG UHVROXWLRQ
RI GLIIHUHQW SULPHU SDLUV   +RZHYHU DV PHQWLRQHG LQ SUHYLRXV SDUDJUDSKV
WKHUH LV D ODUJH IXQFWLRQDO RYHUODS EHWZHHQ EDFWHULD ZKLFK LV QRW VXUSULVLQJ
VLQFH WKHFRPPRQ KRXVHKROG JHQHV LQYROYHG LQ IRU LQVWDQFH '1$ UHSOLFDWLRQ DQG
UHSDLU DUH SUHVHQW LQ DOO OLYLQJ RUJDQLVPV DQG WKHUHIRUH D PHWDJHQRPLF FRUH





+XPDQ GLVHDVHV DUH RIWHQ PXOWLIDFWRULDO VWRFKDVWLF SURFHVVHV XQGHU WKH LQIOXHQFH RI
JHQHWLFV µOLIH VW\OH¶ GLHW VSRUWV VWUHVV DQG HQYLURQPHQWDO IDFWRUV ,QSDUDOOHO WKH DGXOW
KXPDQ*,PLFURELRWD LVKLJKO\FRPSOH[YHU\ LQGLYLGXDO UHODWLYHO\VWDEOHZLWKUHJDUGV WR
LWVPHPEHUVVRPHPHPEHUVPRUHVWDEOHWKDQRWKHUV\HWZLWKODUJHWHPSRUDOIOXFWXDWLRQV
LQDEXQGDQFHEXWDOVRUHODWLYHO\UHVLOLHQWDJDLQVWJURVVSHUWXUEDWLRQV7KHJHQHWLFYDULDWLRQ
RI WKH KRVW DQG KLJK LQWHULQGLYLGXDOLW\RI LWVPLFURELRWDPLJKW EHELRORJLFDO DGYDQWDJHV
KRZHYHU LWFRPSOLFDWHV WKH OLIHRIPLFURELRPHUHVHDUFKHUV7KLVGLYHUVLW\ LQFRPELQDWLRQ
ZLWK PLFUREHPLFUREH DV ZHOO DV KRVWPLFUREH LQWHUDFWLRQV WKDW FDQ ODUJHO\ YDU\ XQGHU
GLIIHUHQWFLUFXPVWDQFHVGLIIHUHQWGLVHDVHVWDWHVSDLQWVDYHU\FRPSOH[SLFWXUH
:H NQRZ WKURXJK )07V WKDW DOWKRXJK WKH PLFURELRPH LV UHODWLYHO\ UHVLOLHQW LW LV DOVR
FKDQJHDEOH1HYHUWKHOHVVZHGRQRW\HWNQRZZKDWDQRUPDOKHDOWK\FRPSRVLWLRQHQWDLOV
DQG ZKHWKHU WKLV LV XQLYHUVDO LH ZKHWKHU WKH VDPH FRPSRVLWLRQIXQFWLRQ LV JRRG IRU
ate ͳ 

HYHU\RQH %\ XQGHUVWDQGLQJ WKH IDFWRUV WKDW VKDSH RXU PLFURELRPH XQGHU µQRUPDO¶
FRQGLWLRQVDQGJLYHULVH WR WKHREVHUYHGYDULDWLRQZLWKLQDQGEHWZHHQ LQGLYLGXDOVZHFDQ
VWXG\WKHPDMRUIDFWRUVWKDWVKDSHWKHPLFURELRPHXQGHUVSHFLILFFRQGLWLRQVVXFKDVFHUWDLQ
SDWKRORJLFDO SKHQRW\SHV DQG LQIHU WKHLU UHODWLYH LPSRUWDQFH XQGHU WKHVH FRQGLWLRQV DQG





5HFHQW HYLGHQFH LQGLFDWHV WKDW WKH *, PLFURELRWD DQG LWV SURGXFWV PD\ FRQWULEXWH WR WKH
GHYHORSPHQWRIREHVLW\DQGUHODWHGGLVHDVHVDQGGLIIHUHQFHVLQ*,WUDFWPLFURELDOHFRORJ\
EHWZHHQ LQGLYLGXDOV PLJKW EH DQ LPSRUWDQW IDFWRU LQ WKLV FRPSOH[ DHWLRORJ\ 7KLV WKHVLV
DLPV WR SURYLGH DQG DSSO\ WRROV WR LQYHVWLJDWH WKH SRWHQWLDO RI WKH JXW PLFURELRWD DV D
SRWHQWLDOELRPDUNHURUWKHUDSHXWLFWDUJHWDQGJHQHUDWHOHDGVIRUPHFKDQLVPVWKURXJKZKLFK
WKHPLFURELRWDPHGLDWHVWKHVHHIIHFWV
&KDSWHU  VHUYHV DV UHIHUHQFH SRLQW UHJDUGLQJ RXU XQGHUVWDQGLQJ RI WKH VWUXFWXUH DQG
IXQFWLRQRIWKHQRUPDOKXPDQ*,PLFURELRPHDQGDLPVWRSODFHWKHREVHUYDWLRQVIURPWKH
IROORZLQJFKDSWHUVQDPHO\WKHGHYLDQFHRILQGLYLGXDOWD[DRUSDWWHUQVG\VELRVLVIURPWKH
µQRUPDO¶ VWDWH LQWRDQHFRORJLFDOFRQWH[W7KLVFDQEH LQYHVWLJDWHGXVLQJDGLYHUVH VHW RI
FRPSOHPHQWDU\ VR FDOOHG ±RPLFV WHFKQRORJLHV VXFK DV 6 U51$ JHQHWDUJHWHG
FRPSRVLWLRQ SURILOLQJ PHWDERORPLFV JHQRPLFV WUDQVFULSWRPLFV DQG SURWHRPLFV
&KDSWHU  GHVFULEHV WKH GLIIHUHQW PROHFXODU DSSURDFKHV DQG WKHLU FRQWULEXWLRQV WR RXU
XQGHUVWDQGLQJ RI WKH UROH RI WKH *, PLFURELRWD LQ KRVW HQHUJ\ KRPHRVWDVLV
&RUUHVSRQGLQJO\ LWKLJKOLJKWVWKHLUUHVSHFWLYHVWUHQJWKVEXWDOVRWULHVWRFUHDWHDZDUHQHVV
IRUWKHLUVSHFLILFOLPLWDWLRQV%HVLGHVWKHQHHGIRULQWHOOLJHQWDSSOLFDWLRQVRIFRPSOHPHQWDU\
PHWKRGRORJLHV WR DQVZHU VSHFLILF TXHVWLRQV UHJDUGLQJ WKH JXW PLFURELRPH KXPDQ JXW
PLFURELRWD UHVHDUFKKDVEHHQKDPSHUHGE\ WKH ODUJHKHWHURJHQHLW\ LQJHQRW\SH OLIHVW\OH
GLHWDQGWKHFRPSOH[DHWLRORJ\RIHJ2$0'7KHUHIRUHFXUUHQWUHVHDUFKVKRXOGIRFXVRQ
PRUH KRPRJHQRXV VXESRSXODWLRQV WKURXJK WKH XVH RI ERWK DQWKURSRPHWULF ZHLJKW WRWDO
ERG\ IDW DVZHOO DV ELRFKHPLFDO YDULDEOHV LQVXOLQ UHVLVWDQFH K\SHUOLSLGDHPLD WR GHILQH
EHWWHU GHILQHG FDWHJRULHV ZLWK OHVV FRQIRXQGLQJ ,Q &KDSWHU  ZH PLQHG WKH IDHFDO
PLFURELRWDIURPFKLOGUHQDJHG\HDUVIURPDFURVVVHFWLRQDOFRKRUWIRUDVVRFLDWLRQV
ZLWKZHLJKWUHODWHGDQWKURSRPHWULFRXWFRPHVDJHDQGVH[VWDQGDUGL]HGZHLJKWDQG%0,
]VFRUHV RYHUZHLJKW GHILQHG DV %0,WK SHUFHQWLOH %HFDXVH RI WKH ODUJH DPRXQW RI
DYDLODEOH SKHQRW\SLF GDWD ZH FRXOG H[WHQVLYHO\ FRQWURO IRU NQRZQ FRQIRXQGHUV VXFK DV
ELUWK ZHLJKW JHQGHU DQG JHVWDWLRQDO DJH &KDSWHU  LQYHVWLJDWHG WKH HIIHFWV RI JXW
PLFURELRWDPDQLSXODWLRQE\DQWLELRWLFVGDGPLQLVWUDWLRQRIDPR[LFLOOLQYDQFRP\FLQRUD
SODFHER RQ FOLQLFDO SDUDPHWHUV DVVRFLDWHG ZLWK 2$0' VXFK DV WLVVXHVSHFLILF LQVXOLQ
VHQVLWLYLW\ HQHUJ\PHWDEROLVP JXW SHUPHDELOLW\ DQG LQIODPPDWLRQ LQ DZHOO SKHQRW\SHG
DQG UHODWLYHO\ KRPRJHQRXV VXESRSXODWLRQ RI  REHVH \HW SUHGLDEHWLF PHQ 1H[W LQ
FKDSWHU  ZH VWXGLHG WKH PLFURELRWD RI WZR LQGHSHQGHQW FRKRUWV ZLWK FRPSDUDEOH VWULFW
UHFUXLWPHQW VWUDWHJLHV RYHUZHLJKW DQG REHVH SUHGLDEHWLFPDOH VXEMHFWV IURP WKH'XWFK
UHJLRQV RI 0DDVWULFKW VRXWKHDVW DQG $PVWHUGDP QRUWKZHVW :H VHDUFKHG IRU






7KH QH[W SDUW RI WKLV WKHVLV IRFXVHV PRUH RQ WHFKQRORJLFDO DVSHFWV DVVRFLDWHG ZLWK
VHTXHQFLQJ RI 6 U51$JHQH DPSOLFRQV WKH GHYHORSPHQW RI D ELRLQIRUPDWLFV SLSHOLQH
IRUWKLV W\SH RI GDWD LQ FKDSWHU  DQG WKH DSSOLFDWLRQ WR ELRORJLFDO GDWD LQ FKDSWHU
$OWKRXJKPDVVLYH KLJKWKURXJKSXW VHTXHQFLQJ RI VKRUW K\SHUYDULDEOH VHJPHQWV RI WKH
6 ULERVRPDO 51$ U51$ JHQH KDV WUDQVIRUPHG WKH PHWKRGRORJLFDO ODQGVFDSH
GHVFULELQJ PLFURELDO GLYHUVLW\ ZLWKLQ DQG DFURVV FRPSOH[ ELRPHV VHYHUDO VWXGLHV KDYH
VKRZQ WKDW PHWKRGRORJ\ UDWKHU WKDQ WKH ELRORJLFDO YDULDWLRQ LV UHVSRQVLEOH IRU
REVHUYHG VDPSOH FRPSRVLWLRQ DQG GLVWULEXWLRQ FRPSURPLVLQJ WUXH PHWDDQDO\VHV LQ
WKLV UHVHDUFK ILHOG &XUUHQWO\ WKHUH LV D ODFN RI FRQVHQVXV UHJDUGLQJ NH\ IHDWXUHV RI WKH
KHDOWK\ PLFURELRPH VXFK DV ULFKQHVV GLYHUVLW\ DQG FRPSRVLWLRQ ZKLOH WKH OLQN ZLWK
VSHFLILF KXPDQ SDWKRORJLHV RIWHQ UHYHDOV VWXG\ VSHFLILF VHWV RI ELRPDUNHU RUJDQLVPV
/DUJHVFDOHPHWDDQDO\VHVZRXOGDLGLQDGGUHVVLQJZKHWKHUWKHEDVLVIRUWKHVHGLIIHUHQFHV
LV ELRORJLFDO WHFKQLFDO RU PD\EH D FRPELQDWLRQ RI ERWK 7R IDFLOLWDWH VXFK PHWD
DQDO\VHV RI PLFURELRWD VWXGLHV FKDSWHU  GHVFULEHV WKH GHYHORSPHQW RI 1*7D[ D
SLSHOLQH IRU 6 U51$ JHQH DPSOLFRQ VHTXHQFH DQDO\VLV DQG LWV YDOLGDWLRQ ZLWK
V\QWKHWLF FRPPXQLWLHV ,Q DGGLWLRQ ZH SURYLGH UHFRPPHQGDWLRQV RQ DQ RSWLPDO
VHWXS DQG LGHQWLI\ FULWLFDO SRLQWV LQ WKH DQDO\VLV DQG LQWHUSUHWDWLRQ RI WKLV NLQG RI
FRPSOH[ DQG YHU\ QRLV\ GDWD&KDSWHU  VKRZV DQ HFRV\VWHP DSSURDFK WR DVVHVV WKH
WHPSRUDO G\QDPLFV FRPSRVLWLRQ DFWLYLW\ PHWDEROLF RXWSXW DQG UHSURGXFLELOLW\ RI DOO
WKHVH YDULDEOHV LQ WKH 7,0 D G\QDPLF LQ YLWUR PRGHO RI WKH FRORQ IHG ZLWK WKUHH
GLIIHUHQW GLHWV WKH QRUPDO GLHW DQG D YHUVLRQ RIZKLFK HLWKHU WKH SURWHLQ RU FDUERK\GUDWH
IUDFWLRQ ZDV GLOXWHG :H DSSOLHG WKH UHFRPPHQGDWLRQV IURP FKDSWHU  WRGHVFULEH WKH
WHPSRUDO G\QDPLFV RI PLFURELRWD FRPSRVLWLRQ DQG GHWHUPLQHG WKH JOREDO PHWDEROLF
IXQFWLRQ RI WKH PLFURELDO FRPPXQLWLHV WKURXJK PHWDERORPLFV DQG PHWD
WUDQVFULSWRPLFV )LQDOO\ FKDSWHU  VXPPDUL]HV WKH UHVHDUFK GHVFULEHG LQ WKLV WKHVLV DQG
SURYLGHV DGLVFXVVLRQRQ LWV FRQWULEXWLRQ WR WKH FXUUHQW VWDWHRINQRZOHGJH ,Q DGGLWLRQ LW













WR WKH GHYHORSPHQW RI REHVLW\ DQG UHODWHG GLVHDVHV 7KLV FRXSOHG ZLWK WKH FXUUHQW




7KLV FDQ EH LQYHVWLJDWHG XVLQJ D GLYHUVH VHW RI FRPSOHPHQWDU\ VR FDOOHG ±RPLFV
WHFKQRORJLHV VXFK DV 6 ULERVRPDO 51$ U51$ JHQHWDUJHWHG FRPSRVLWLRQ SURILOLQJ
PHWDERQRPLFVJHQRPLFVWUDQVFULSWRPLFVDQGSURWHRPLFV7KLVUHYLHZDLPVWRGHVFULEH
WKHGLIIHUHQWPROHFXODUDSSURDFKHVDQGWKHLUFRQWULEXWLRQVWRRXUXQGHUVWDQGLQJRIWKHUROH




DQG WKH FRPSOH[ HWLRORJ\ RI 2EHVLW\ DQG LWV $VVRFLDWHG 0HWDEROLF 'LVRUGHUV 2$0'
1HYHUWKHOHVV UHFHQW UHVHDUFKRQ WKLVPDWWHUKDV VKRZQDFRQFHSWXDO VKLIWE\ IRFXVLQJRQ
PRUH KRPRJHQRXV VXESRSXODWLRQV WKURXJK WKH XVH RI ERWK DQWKURSRPHWULF ZHLJKW WRWDO
ERG\ IDW DVZHOO DV ELRFKHPLFDO YDULDEOHV LQVXOLQ UHVLVWDQFH K\SHUOLSLGDHPLD WR GHILQH
FDWHJRULHV &RPELQHG ZLWK WHFKQRORJLFDO DGYDQFHV LQ WKH UHYLHZHG WKH PROHFXODU
WHFKQLTXHVUHFHQWGDWDVXJJHVWVWKDWDQ2$0'DVVRFLDWHGPLFURELRWDFDQEHFKDUDFWHUL]HG
E\ D SRWHQWLDO SURLQIODPPDWRU\ FRPSRVLWLRQ ZLWK OHVV SRWHQWLDO IRU WKH SURGXFWLRQ RI
6&)$VDQGEXW\UDWHLQSDUWLFXODU





QXWULHQWV E\ FRQYHUWLQJ DQG DEVRUELQJ IRRG FRPSRQHQWV ,Q WRWDO RYHU  PLFURELDO
VSHFLHVZKLFKFROOHFWLYHO\ KDUERXUPRUH WKDQ PLOOLRQ XQLTXH JHQHVKDYH EHHQ VKRZQ
WRFRORQL]H WKHKXPDQ*, WUDFW DQGDUHFROOHFWLYHO\ WHUPHG WKH*,PLFURELRPH5HFHQWO\
HDFK LQGLYLGXDO KDV EHHQ HVWLPDWHG WR FRQWDLQ EHWZHHQ    DQG ! RI VXFK




7KH PLFURELDO HFRV\VWHP RI WKH *, WUDFW LV YHU\ FRPSOH[ EHFDXVH LW FRQVLVWV RI D ZLGH
YDULHW\RIGLIIHUHQWVSHFLHVWKDWLQWHUDFWZLWKHDFKRWKHUDQGZLWKWKHKRVWDQGPDQ\RIWKH
FRPPXQLW\ PHPEHUV FDQQRW EH HDVLO\ JURZQ DV SXUH FXOWXUHV LQ D ODERUDWRU\ VHWWLQJ
1HYHUWKHOHVVWKHLQWURGXFWLRQRIDEURDGUDQJHRIPROHFXODUWRROVRYHUWKHSDVWWZRGHFDGHV
KDVSURYLGHGXQSUHFHGHQWHG RSSRUWXQLWLHV WRE\SDVV WKH FXOWXULQJ UHTXLUHPHQWV DQG VWXG\
IXQFWLRQDOLW\DFWLYLW\DQGFRPSRVLWLRQG\QDPLFVGLUHFWO\
$SSOLFDWLRQ RI PROHFXODU DSSURDFKHV KDV UHYHDOHG WKDW DOWKRXJK WKH FRQWULEXWLRQ RI
PLFURELDOJURXSVDSSHDUVWRIOXFWXDWHLQWLPHWKHIHFDOPLFURELRPHLVKLJKO\LQGLYLGXDO
DQG PXFK PRUH VWDEOH LQ DGXOWV DQG WKH HOGHUO\ WKDQ LQ FKLOGUHQ )XUWKHUPRUH WKH
PLFURELDO FRPSRVLWLRQ LV *, WUDFW ORFDWLRQ VSHFLILF DQG LW VHHPV WKDW KRVW GHPRJUDSK\
JHRJUDSKLF ORFDWLRQ GLHW DQGJHQHWLF EDFNJURXQGKDV DPDMRU LPSDFW RQ FRPSRVLWLRQ
 ,Q DGGLWLRQ LW ZDV UHFHQWO\ VKRZQ WKDW WKH IDHFDO PLFURELRWD RI LQGLYLGXDOV FDQ EH
ODUJHO\JURXSHG LQWR WKUHHGLVWLQFW FOXVWHUVPRVWO\GULYHQE\ VSHFLHV FRPSRVLWLRQ WHUPHG
HQWHURW\SHV$OWKRXJKWKHQDWXUHRIHQWHURW\SHVVWDWLFRUFRQWLQXRXVDQGWKHQXPEHURI
HQWHURW\SHVLVKLJKO\GHEDWHGWKHIDFWWKDWGHVSLWHLQGLYLGXDOVSHFLILFYDULDWLRQLQGLYLGXDOV
FDQ EH FODVVLILHG EDVHG RQ WKHLU *, WUDFW PLFURELRWD FRPSRVLWLRQ LV D FRQFHSWXDO
EUHDNWKURXJK DV WKLV FRXOGEH LPSRUWDQW IRUPDNLQJ DVVRFLDWLRQVEHWZHHQPLFURELRWD DQG
KHDOWK DVSHFWV 1HYHUWKHOHVV DW OHDVW LQ D ZHVWHUQ SRSXODWLRQ WKH RYHUDOO IXQFWLRQDO
SURSHUWLHVDUH UHODWLYHO\ZHOO FRQVHUYHGDVEDVHGRQ ODUJH VFDOHPHWDJHQRPHVHTXHQFLQJ
LQGLFDWLQJ D FRPPRQ VWUXFWXUDO FRUH  0RUHRYHU UHFHQW ILQGLQJV VXJJHVW WKDW WKH *,
PLFURELRPHDOVRSOD\V D UROH LQ HQHUJ\KRPHRVWDVLV RI WKHKRVW   7KLV FRXSOHG
ZLWK WKHFXUUHQWZRUOGZLGHHSLGHPLFRIREHVLW\KDVPRYHGPLFURELRPHUHVHDUFK LQWR WKH
VSRWOLJKW RI DWWHQWLRQ $OWKRXJK WKH PDLQ FDXVH RI REHVLW\ DQG LWV DVVRFLDWHG PHWDEROLF
FRPSOLFDWLRQV LV H[FHVV FDORULF LQWDNH FRPSDUHG ZLWK H[SHQGLWXUH GLIIHUHQFHV LQ *,





ULERVRPDO 51$ U51$ JHQHWDUJHWHG FRPSRVLWLRQ SURILOLQJ DV ZHOO DV PHWDJHQRPLFV
PHWDWUDQVFULSWRPLFVPHWDSURWHRPLFVDQGPHWDERORPLFVWRLGHQWLI\WKHFRPSRVLWLRQRIWKH
PLFURELRWDDQGLWVRYHUDOOJHQHWLFLHIXQFWLRQDOSRWHQWLDODQGDFWLYLW\UHVSHFWLYHO\7KLV
UHYLHZDLPV WRGHVFULEH WKHVHGLIIHUHQWDSSURDFKHVDQGZKDW WKH\KDYHFRQWULEXWHG WRRXU
XQGHUVWDQGLQJRI WKH UROH RI WKH*,PLFURELRPH LQKRVW HQHUJ\ KRPHRVWDVLV IRFXVLQJRQ




WUXO\ LQWHJUDWHGDSSURDFKHV WKDWFRPELQHPXOWLSOH µRPLFV¶DSSURDFKHVZLOOSHUPLWPRYLQJ






























WKDW GLIIHUHQFHV LQ FHOO ZDOO VWUXFWXUHV FDXVH PLFURELDO FHOO O\VLV WR EH PRUH RU OHVV
HIILFLHQW  ZKLFK FDQ GLVWRUW WKH DSSDUHQW UHSUHVHQWDWLRQ RI WKH FRPSRVLWLRQ RI
PLFURELDO FRPPXQLWLHV &XUUHQWO\ PHFKDQLFDO FHOO GLVUXSWLRQ E\ UHSHDWHG EHDG
EHDWLQJ 5%% LV VWURQJO\ DGYLVHG IRU DOO DSSOLFDWLRQVZLWK WKH H[FHSWLRQRIPHWDJHQRPH
FORQH OLEUDU\ FRQVWUXFWLRQ DV 5%% KDV EHHQ VKRZQ WR SURGXFH WKH KLJKHVW EDFWHULDO
GLYHUVLW\DQGDVLJQLILFDQWO\ LPSURYHG'1$H[WUDFWLRQRI$UFKDHDIURPGHILQHGSXUHDQG
PL[HG FXOWXUHV DV ZHOO DV IDHFDO VDPSOHV 7KH VWDQGDUGL]DWLRQ RI '1$ H[WUDFWLRQ
VKRXOG EH D VWHS WRZDUGV WKH FRPSDUDELOLW\ DQG UHOLDEOH PHWDDQDO\VLV RI WKH UHVXOWV
REWDLQHGLQGLIIHUHQWODERUDWRULHV
&XOWXUHLQGHSHQGHQWFRPPXQLW\SURILOLQJ
$ YDULHW\ RI XVHIXO IHDWXUHV UHQGHU WKH 6 U51$ JHQH DQ LGHDO WDUJHW WR UHWULHYH ERWK
WD[RQRPLFDQGSK\ORJHQHWLFLQIRUPDWLRQ'XHWRLWVFRQVHUYHGIXQFWLRQ LW LVSUHVHQW LQDOO
SURNDU\RWHV DQG WKHUHIRUH LWV VHTXHQFH KDV UHPDLQHG UHODWLYHO\ FRQVHUYHG WKURXJKRXW
HYROXWLRQ ,W FRQWDLQV VORZ DVZHOO DV IDVWHYROYLQJ UHJLRQV DQG LQFOXGHV DSSUR[LPDWHO\
ESZKLFK LVVXIILFLHQW IRUFRPSDUDWLYHVHTXHQFHDQDO\VLV$QRWKHUPDMRUDGYDQWDJH
RI WKH6 U51$JHQHDVRSSRVHG WRRWKHUSRWHQWLDOPDUNHUV LV WKHDYDLODELOLW\RI ODUJH





0RVW FXOWXUHLQGHSHQGHQW WHFKQLTXHV WKDW KDYH EHHQ XVHG IRU WKH DQDO\VLV RI WKH *,
PLFURELRPHRYHUWKHSDVWWZRGHFDGHVKDYHWKXVEHHQEDVHGRQDQDO\VLVRIWKH6U51$
JHQHDQGFDQEHURXJKO\GLYLGHGLQWRWZRJURXSV:KROHFRPPXQLW\VXUYH\VWKDWH[DPLQH
WKHRYHUDOOGLYHUVLW\ LQDVDPSOHDQGPHWKRGV WKDW WDUJHWD IHZVSHFLILFPLFURELDOJURXSV
7KHODWWHUJURXSFRQVLVWVRITXDQWLWDWLYHRUUHDOWLPH3&5T3&5DQG)OXRUHVFHQW,Q6LWX
+\EULGL]DWLRQ ),6+ FRXSOHG WR IORZ F\WRPHWU\ RUPLFURVFRS\ IRU TXDQWLILFDWLRQ7KHVH




OLPLWHG E\ WKH IDFW WKDW ZLWKRXW D 6 U51$ JHQH EDVHG VXUYH\ RI WKH RYHUDOO GLYHUVLW\
ZLWKLQDVDPSOHWKHVSHFLILFLW\RIWKHVHOHFWHGSUREHVZLOOEHXQFHUWDLQ)XUWKHUPRUHWKH
*, PLFURELRPH LV D YHU\ FRPSOH[ HFRV\VWHP DQG SHUWXUEDWLRQV DUH OLNHO\ WR UHVXOW LQ
VRPHWLPHV VXEWOHZKROH FRPPXQLW\ FKDQJHV UDWKHU WKDQ DOWHUDWLRQV LQ WKH DEXQGDQFH RI
WKH SUHVHOHFWHG JURXSV 7KLV PLJKW OHDG WR LQFRUUHFW FRQFOXVLRQV RQ WKH HIIHFW RI DQ




6 U51$ JHQH GLYHUVLW\ %\ FRPSDULQJ VXFK ILQJHUSULQWV =RHWHQGDO HW DO UHYHDOHG D
UHPDUNDEOHWHPSRUDOVWDELOLW\DQGKRVWVSHFLILFLW\RIWKH*,PLFURELRPH7KHVHPHWKRGV
DUHEDVHGRQHOHFWURSKRUHWLFVHSDUDWLRQRI6U51$JHQHDPSOLFRQVRQDJHOFRQWDLQLQJD
FKHPLFDO GHQDWXUDQW RU WHPSHUDWXUH JUDGLHQW DQG JHQHUDWH FKDUDFWHULVWLF EDQGLQJ
SDWWHUQV$SSOLFDWLRQRI WKHVH ILQJHUSULQWLQJ WHFKQLTXHV LV FKHDS DQG FDQEHSHUIRUPHG
UHODWLYHO\IDVW+RZHYHUWKH\DOVRVXIIHUIURPDQXPEHURIOLPLWDWLRQVVXFKDVWKH\ODFN
UHVROXWLRQIRUDFRPSOH[FRPPXQLW\VXFKDVWKH*,PLFURELRPH4XDQWLILFDWLRQLVEDVHG
RQEDQG LQWHQVLW\ DQG3K\ORJHQHWLF LGHQWLILFDWLRQ LVRQO\SRVVLEOHDIWHUH[FLVLQJEDQGV
IRUVHTXHQFLQJRUPDWFKLQJPLJUDWLRQSDWWHUQVZLWKWKRVHRIFORQHOLEUDULHV,QWXUQ6DQJHU
VHTXHQFLQJRI6U51$FORQHOLEUDULHVKDVH[SDQGHGRXUXQGHUVWDQGLQJRIWKHPLFURELDO





PLFURELDOFRPSRVLWLRQ UHYHDOLQJRQO\ WKHPRVWDEXQGDQW WD[DDQG IXUWKHUPRUHJHQHUDOO\
GRHV QRW DOORZ DQDO\]LQJ PXOWLSOH VDPSOHV DW DSSURSULDWH VSDWLRWHPSRUDO UHVROXWLRQ
+HQFH ILQJHUSULQWLQJPHWKRGV VXFK DV'**( DQG6DQJHU VHTXHQFLQJ RI FORQH OLEUDULHV
DUHFRPSOHPHQWDU\PHWKRGV)LQJHUSULQWLQJSURYLGHVDPXFKFOHDUHUSLFWXUHRIWKHRYHUDOO
GLYHUVLW\ DQG LWV G\QDPLFV LQ WLPH DQG VSDFH ZKHUHDV FORQLQJ DQG VHTXHQFLQJ HQDEOHV
LGHQWLILFDWLRQRIVSHFLILFWDUJHWV
1HYHUWKHOHVVWKHVHWRROVKDYHQRZODUJHO\EHHQUHSODFHGE\SK\ORJHQHWLFPLFURDUUD\VDQG
1H[W *HQHUDWLRQ 6HTXHQFLQJ 1*6 RI DPSOLFRQV 7KHVH FDQ LQWHUURJDWH FRPPXQLW\
VWUXFWXUHV DW PXFK KLJKHU UHVROXWLRQ E\ UHYHDOLQJ WD[D WKDW DUH OHVV DEXQGDQW DW PXFK
UHGXFHG FRVW SURYLGLQJ WKH QHFHVVDU\ PHDQV WR FRPSDUH WKH PLFURELDO FRPSRVLWLRQ LQ D
ODUJH QXPEHU RI VDPSOHV VLPXOWDQHRXVO\ DQG WKXV DOORZLQJ WR GLVFHUQ VSDWLRWHPSRUDO
SDWWHUQVRIPLFURELDOFRPPXQLW\G\QDPLFV




1H[WJHQHUDWLRQVHTXHQFLQJ WHFKQRORJLHVDQG LQ WKHEHJLQQLQJHVSHFLDOO\S\URVHTXHQFLQJ
DVLPSOHPHQWHGLQWKH5RFKH*HQRPH6HTXHQFHU*6)/;DQG)/;7LWDQLXPKDYH
UHYROXWLRQL]HG 6 U51$ EDVHG FRPPXQLW\ SURILOLQJ RI WKH *, PLFURELRPH
3\URVHTXHQFLQJ JHQHUDWHV PXFK PRUH UHDGV DW PXFK ORZHU FRVW SHU QXFOHRWLGH DOEHLW
LQLWLDOO\RIPXFKVKRUWHUOHQJWKFRPSDUHGWRWUDGLWLRQDO6DQJHUVHTXHQFLQJ1HYHUWKHOHVVLQ
\HDUV WKH UHDG OHQJWK LQFUHDVHG IURPEDVHVXVLQJ WKH*6SODWIRUP WR!EDVHV
ZLWKWKH7LWDQLXPFKHPLVWU\0RUHRYHUWKHDGYHQWRIEDUFRGHLGHQWLILFDWLRQWDJVHQDEOHG
UHVHDUFKHUV WR DQDO\]H KXQGUHGV RI VDPSOHV LQPXOWLSOH[ DW KLJKHU GHSWK DQG ORZHU FRVW
FRPSDUHG WR 6DQJHU VHTXHQFLQJ   5HFHQW DGYDQFHV LQ UHDG OHQJWK IRU ,OOXPLQD¶V
VHTXHQFLQJE\V\QWKHVLVSODWIRUPV *HQRPH$QDO\]HU ,,[+LVHTDQG0LVHTRIIHUHG
DQRWKHU VKDUS GHFUHDVH LQ VHTXHQFLQJ FRVW E\ JHQHUDWLQJ  IROG PRUH UHDGV DW D
IUDFWLRQ RI WKH FRVW SHU PHJDEDVH FRPSDUHG WR S\URVHTXHQFLQJ 1RQHWKHOHVV WKH UHDG
OHQJWKZDVEDFNWRWKDWRIWKHVWDUWLQJGD\VRIS\URVHTXHQFLQJDWîîQWDQGPRVW
UHFHQWO\îîQWIRU0L6HTDQGQRYHOVWUDWHJLHVKDGWREHGHYHORSHGWRFRSHZLWK
WKH GHFUHDVHG WD[RQRPLF UHVROXWLRQ DQG LQFUHDVHG FRPSXWDWLRQDO GHPDQGV 7KLV KDV
OHGWRVHTXHQFLQJRIVDPSOHVDWDQXQSUHFHGHQWHGGHSWKRIPLOOLRQVRIUHDGVSHUVDPSOH
+RZHYHU WKH WUXH VWUHQJWKPLJKW OLH LQ WKH RSSRUWXQLW\ WR H[DPLQH WKRXVDQGV RI VDPSOHV
VLPXOWDQHRXVO\DW VXIILFLHQWGHSWKDVZDVGHPRQVWUDWHGE\&DSRUDVRHWDOZKRDQDO\]HG
DOPRVW  VDPSOHV WR VKRZ WKH YDULDELOLW\ RI WKH KXPDQPLFURELRPH RYHU WLPH LQ WZR
VXEMHFWV 6LPLODUO\<DWVXQHQNR HW DO VWXGLHG WKH IHFDOPLFURELDO FRPPXQLWLHV RIPRUH
WKDQ0DODZLDQV$PHULQGLDQVDQG86FKLOGUHQDQGDGXOWVDWDQDYHUDJHGHSWKRI!
UHDGV SHU VDPSOH WR UHYHDO SURIRXQG GLIIHUHQFHV LQ EDFWHULDO DVVHPEODJHV EHWZHHQ 86
UHVLGHQWVDQGWKRVHLQWKHRWKHUWZRFRXQWULHVDWGLIIHUHQWDJHV
6RKRZGRHVLWZRUN"
*HWWLQJ WKH PRVW WD[RQRPLF LQIRUPDWLRQ IURP QH[W JHQHUDWLRQ DPSOLFRQ VHTXHQFLQJ
UHTXLUHV FDUHIXO VHOHFWLRQ RI VHTXHQFLQJ WHFKQRORJ\ 6 U51$ JHQH UHJLRQ DQG
FRUUHVSRQGLQJSULPHUVLQRUGHUWRREWDLQWKHPRVWXVHIXOGDWDDVVHTXHQFLQJSODWIRUPVQRW
RQO\GLIIHULQUHDGOHQJWKRXWSXWEXWDOVRHUURUUDWHVHUURUSURILOHVDQGWHFKQLFDOUHVWULFWLRQV
VXFK DV PD[LPXP DPSOLFRQ VL]H ,OOXPLQDEDVHG DSSURDFKHV SURYLGH WKH RSWLRQ RI
VHTXHQFLQJDPSOLFRQVLQERWKGLUHFWLRQV7KLVDOORZVIRUGLIIHUHQWVWUDWHJLHVWKHUHDGVFDQ
EHPDGHWRRYHUODSRUWKHUHVHDUFKHULVOHIWZLWKDJDSLQWKHPLGGOHRIWKHDPSOLFRQ:KHQ
XVLQJQRQRYHUODSSLQJ UHDGV WKH¶DQG¶ UHDGVFDQEHDQDO\]HGVHSDUDWHO\RU MRLQHG
SULRUWR2SHUDWLRQDO7D[RQRPLF8QLWV278FOXVWHULQJDQGDOLJQHGWRDWULPPHGUHIHUHQFH
GDWDEDVHZKLFKLPSURYHVWKHSK\ORJHQHWLFUHVROXWLRQE\GRXEOLQJUHDGOHQJWK/LNHZLVH
LI WKH VHOHFWHG 6 U51$ZLQGRZ LV VPDOO HQRXJK IRU WKH UHDGV WR RYHUODS D FRQVHQVXV
VHTXHQFH IRU WKHRYHUODSSLQJ UHJLRQ FDQEH HVWDEOLVKHG HIIHFWLYHO\ LQFUHDVLQJ WKHRYHUDOO
ate ʹ 

TXDOLW\ VFRUH DQG WD[RQRPLF FODVVLILFDWLRQ FRQILGHQFH RI WKH UHVXOWLQJ FRQVWUXFWV 
$IWHUDPSOLILFDWLRQDQGVHTXHQFLQJWKHGDWDFDQEHDQDO\]HGXVLQJDQXPEHURIHVWDEOLVKHG






'1$'1$ K\EULGL]DWLRQ ZDV FRQVLVWHQW ZLWK UHFRJQL]HG SKHQRW\SHEDVHG VSHFLHV
FODVVLILFDWLRQVDW WKH WLPH/DVWO\ WD[RQRPLHVFDQEH LQIHUUHGE\DVVRFLDWLQJ278¶V WR
UHIHUHQFH VHTXHQFHV LQ 6 U51$ GDWDEDVHV XVLQJ GLIIHUHQW DSSURDFKHV +RZHYHU
UHFHQWO\ 6XQ HW DO EHQFKPDUNHG VHYHUDO FXUUHQWO\ XVHG 278 FOXVWHULQJ DQG WD[RQRP\
DVVLJQPHQW DOJRULWKPV DQG IRXQG WKDW H[LVWLQJPHWKRGV FDQ \LHOG YDVWO\ GLIIHUHQW UHVXOWV
PDUNLQJ WKDW WKH VKRUWFRPLQJV RI PDQ\ H[LVWLQJ PHWKRGV KDYH QRW \HW EHHQ IXOO\
UHFRJQL]HG$OWHUQDWLYHWRGHQRYR278FOXVWHULQJIRUYHU\ODUJHGDWDVHWVVXFKDVWKRVH
SURGXFHGE\WKH,OOXPLQDVHTXHQFLQJSODWIRUPVDUHIHUHQFHGDWDEDVHSUHFOXVWHUHGDW
FDQEHXVHGDV VHHGLQJGDWDEDVH IRU278FOXVWHULQJ7KLV DSSURDFKKDV WKHDGYDQWDJHRI
DFWLQJDVDQDGGLWLRQDOTXDOLW\ILOWHUEHFDXVHGHQRLVLQJDOJRULWKPVIRU,OOXPLQDGDWDDUHVWLOO
XQDYDLODEOH JLYHQ WKDW QRQDOLJQLQJ VHTXHQFHV DUH GLVFDUGHG DQG HQDEOHV VWXGLHV WKDW
WDUJHW D GLIIHUHQW YDULDEOH UHJLRQ WR EH FRPSDUHG ZKHQ WKH\ DUH DOLJQHG WR WKH VDPH
GDWDEDVH,WVKRXOGEHNHSWLQPLQGKRZHYHUWKDWGLIIHUHQWUHJLRQVDUHXVXDOO\DPSOLILHG





VHTXHQFLQJRIFORQH OLEUDULHV7KH\FDQRQO\XWLOL]HD VPDOOHU IUDJPHQWRI WKH6 U51$
JHQH ZKLFK SRWHQWLDOO\ UHGXFHV WKH DPRXQW RI SK\ORJHQHWLF LQIRUPDWLRQ WKDW FDQ EH
UHFRYHUHG 0RUHRYHU WKH GLIIHUHQW K\SHUYDULDEOH UHJLRQV GLIIHU LQ WKHLU WD[RQRPLF
UHVROXWLRQDQGWKHUHIRUHWKHWDUJHWQHHGVWREHFDUHIXOO\FKRVHQWRDFFRXQWIRUWKHH[WHQWRI
SK\ORJHQHWLF LQIRUPDWLRQ WKDW FDQEHJHQHUDWHGE\ WKH IUDJPHQW2QHZD\ WR DQDO\VH WKH
WD[RQRPLF XVHIXOQHVV RI GLIIHUHQW K\SHUYDULDEOH UHJLRQV LV WR FRPSDUH WKH WD[RQRPLF
DVVLJQPHQWV RI D VKRUW UHJLRQ WR WKDW RI WKH IXOO VHTXHQFH       7KLV
LQIRUPDWLRQ DQG WKH GLVWLQFWLYH VWUXFWXUH RI WKH 6 U51$ JHQH ZLWK LWV K\SHUYDULDEOH
UHJLRQVDQGDOWHUQDWHFRQVHUYHGVHTXHQFHGRPDLQVKDVDOORZHGUHVHDUFKHUVWRGHVLJQEURDG




2olela eoloial tool to deie te ole o o ioial a in oeit 

WKHUHVXOWLQJIUDJPHQWOHQJWKZLWKWKHVHTXHQFLQJSODWIRUP7KHGHJUHHRIVSHFLILFLW\IRU
DPSOLI\LQJPLFURELDO VHTXHQFHV FRPSDUHG WRKRVW VHTXHQFHV 7KH WD[RQRPLF FRYHUDJH
GHVLUHGDQG7KHFRPSOH[LW\RUGLYHUVLW\RIWKHFRPPXQLW\RILQWHUHVW)RUH[DPSOHWKH
SRSXODUSULPHUSDLU)5ZKLFKLVVSHFLILFIRUEDFWHULDDVRSSRVHGWRHXNDU\RWHVDQG





2YHUDOO WKHKXPDQ*,PLFURELRPHKDVEHHQ LQWHUURJDWHG WDUJHWLQJ VHYHUDO K\SHUYDULDEOH
UHJLRQVRIWKH6U51$JHQHHLWKHUVHSDUDWHO\RULQWDQGHP7DEOHDQGPDLQO\GULYHQ
E\ FRQWLQXLQJ WHFKQRORJLFDO LPSURYHPHQWV LQ ERWK VHTXHQFLQJ WHFKQRORJ\ DQG
ELRLQIRUPDWLFVQHZSULPHUVDUHEHLQJGHVLJQHG$OWKRXJKVHYHUDOVWXGLHVFRPSDULQJWKH
FODVVLILFDWLRQ VXLWDELOLW\ RI VHYHUDO UHJLRQV KDYH FRQFOXGHG WKDW GLIIHUHQW UHJLRQV SURGXFH
GLIIHUHQW UHSUHVHQWDWLRQV RI WKH FRPPXQLW\ LW UHPDLQV XQFOHDU LI RQH UHJLRQ LV
IXQGDPHQWDOO\ VXSHULRU   HYHQ WKRXJK WKH DSSOLFDWLRQ RI 99 LV JHQHUDOO\
FDXWLRQHG DJDLQVW +HQFH WKHUH VHHPV WR EH QR FRQVHQVXV RQZKDW VHHPV WR EH WKH
³EHVW´ UHJLRQ DQG WKH XVH RIPXOWLSOH UHJLRQVPD\ FROOHFWLYHO\ JLYH WKHPRVW FRPSOHWH
GHVFULSWLRQRIDFRPPXQLW\
%HFDXVH RI WKH GLIIHUHQFHV LQ DSSOLHG VHTXHQFLQJ WHFKQRORJ\ DQG PRUH LPSRUWDQWO\
YDULDWLRQ LQPHWKRGV XVHG IRU'1$ LVRODWLRQ DQG FKRLFHRI WDUJHWHGYDULDEOH UHJLRQV DQG
SULPHUV WUXH PHWDDQDO\VLV KDV SURYHQ YLUWXDOO\ LPSRVVLEOH DQG UHVHDUFKHUV QHHG WR EH
FDUHIXO ZKHQ LQWHUSUHWLQJ DQG FRPSDULQJ UHVXOWV REWDLQHG E\ WDUJHWLQJ GLIIHUHQW YDULDEOH
UHJLRQVXVLQJGLIIHUHQWVHTXHQFLQJWHFKQRORJLHV
9DOLGDWLRQ






FRXOG EH SRUWUD\HG DV DUULYLQJ IURP D QRYHO RUJDQLVP 7KLV HIIHFW LV QRZ W\SLFDOO\
HYDOXDWHG RQ WKH EDVLV RI D V\QWKHWLF RU µPRFN¶ FRPPXQLW\ WKDW LV FUHDWHG E\ SRROLQJ
JHQRPLF'1$RUFORQHG6U51$JHQHIUDJPHQWVRIPXOWLSOHLVRODWHV  ,GHDOO\
QHDUIXOOOHQJWK 6 U51$ JHQH VHTXHQFHV DUH DYDLODEOH DW UHIHUHQFH TXDOLW\ IRU WKH
RUJDQLVPVLQWKHPRFNFRPPXQLW\WKLVDOORZVDGHVFULSWLRQRIWKHHIIHFWRIUDZVHTXHQFLQJ
HUURUUDWHVRQ WKHQXPEHURIRSHUDWLRQDO WD[RQRPLFXQLWV 278VDQGDFDOFXODWLRQRI WKH
DFWXDO HUURU UDWHV DQG HUURU W\SHV ,Q DGGLWLRQ WR WKH DVVHVVPHQW RI HUURUV WKH PRFN
ate ʹ 

FRPPXQLW\ FDQ EH XWLOL]HG LQ 6 U51$ZLQGRZ VHOHFWLRQ WR GHWHUPLQHZKLFK YDULDEOH
UHJLRQV PRVW DFFXUDWHO\ GHVFULEHV LWV FRPSRVLWLRQ 0RVW UHFHQWO\ D PHWKRG ZDV
GHYHORSHG WHUPHG /RZ (UURU $PSOLFRQ 6HTXHQFLQJ /($6HT WKDW SURYLGHV PXOWLSOH
FRYHUDJHDOVRIRUVLQJOHDPSOLFRQVHTXHQFLQJ%\FRPELQLQJLQLWLDOOLQHDU3&5WRJHQHUDWH
LQGLYLGXDOO\ EDUFRGHG DPSOLFRQVZLWK VXEVHTXHQW H[SRQHQWLDO 3&5 DQ DSSUR[LPDWHO\ 
IROG FRYHUDJHRI DOO DPSOLFRQVZDV UHDFKHG DOORZLQJ WKH JHQHUDWLRQRI UREXVW FRQVHQVXV
VHTXHQFHV%\VHTXHQFLQJPRFNFRPPXQLWLHV/($6HTZDVWHVWHGDJDLQVWRWKHUH[LVWLQJ
6 U51$JHQHVHTXHQFLQJPHWKRGV5HODWLYH WR WKHH[LVWLQJ VWDQGDUGDSSURDFKHV/($
6HTSURGXFHGDPSOLFRQVHTXHQFHVZLWKKLJKHUSUHFLVLRQDW ORZHUDEXQGDQFHWKUHVKROGVD
FXWRIIIRUKRZPDQ\WLPHVDUHDGKDVWREHSUHVHQWDVSHUFHQWDJHRIWKHZKROHGDWDVHWWREH
FRQVLGHUHG YDOLG$W D WKUHVKROG RI  RI WKH UHDGV/($6HT HQDEOHG D SUHFLVLRQ
>SUHFLVLRQ WUXHSRVLWLYHVWUXHSRVLWLYHVIDOVHSRVLWLYHV@ZLWKDWUXHSRVLWLYHEHLQJ
GHILQHGDVEHLQJLGHQWLFDODFURVVRIWKHOHQJWKRIWKH6U51$JHQHVHTXHQFH
RI WKH UHIHUHQFH JHQRPH RI  DQG  IRU WKH 9 DQG 99 UHJLRQ UHVSHFWLYHO\
FRPSDUHGWRDQGIRU,OOXPLQD0LVHTDQGS\URVHTXHQFLQJIRUWKHVDPHUHJLRQ




SURILOLQJ 7KLV WDEOH LV QRW PHDQW WR EH H[KDXVWLYH EXW VHUYHV WR LOOXVWUDWH WKH YDULHW\ RI PHWKRGV DQG UHJLRQV XVHG IRU *,
PLFURELRWDSURILOLQJEDVHGRQVHTXHQFLQJRI6U51$DPSOLFRQV
  7HFKQRORJ\   
5HJLRQ 6DQJHUVHTXHQFLQJ 3\URVHTXHQFLQJ 6HTXHQFLQJE\V\QWKHVLV
 $%, *6)/; *6)/; ,OOXPLQD ,OOXPLQD
9     
9     
9     
9     
99     
99     
99     
99     
99     
99     
99     
99     
99     
99     
99     
IXOOOHQJWK     
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SK\ORJHQHWLF PLFURDUUD\V VXFK DV WKH +LJK 7D[RQRPLF OHYHO )LQJHUSULQW RI WKH KXPDQ
LQWHVWLQDO 0LFURELRWD $UUD\ +7)0LFUREL$UUD\ +XPDQ ,QWHVWLQDO 7UDFW &KLS
+,7&KLS 3K\OR&KLS DQG 0LFURELRWD $UUD\ 7KH\ DUH EDVLFDOO\ JODVV VXUIDFHV
HDFK WKH VL]H RI DPLFURVFRSH VOLGH WKDW DUH VSRWWHGZLWK WKRXVDQGV RI FRYDOHQWO\ OLQNHG
'1$ SUREHV FRPSOHPHQWDU\ WR 6 U51$ JHQH VHTXHQFHV WKDW FDQ EH K\EULGLVHGZLWK
'1$RU51$)RUH[DPSOHWKH+,7&KLSD6U51$JHQHWLOLQJDUUD\GHYHORSHGDWWKH
/DERUDWRU\ RI 0LFURELRORJ\ DW :DJHQLQJHQ 8QLYHUVLW\ FRQVLVWV RI  QW
ROLJRQXFOHRWLGHSUREHV WKDWRYHUODS LQVHWVRI WKUHH WDUJHWLQJ WKH9DQG9UHJLRQ IURP
SK\ORW\SHVVHOHFWHGIURPPRUHWKDQ6U51$JHQHVHTXHQFHVLGHQWLILHGLQ
WKHKXPDQ*,WUDFWXVLQJVHTXHQFHVLPLODULW\DVWKUHVKROGIRUSK\ORW\SHGHILQLWLRQ
7KHVH PLFURDUUD\V DUH K\EULGL]HG ZLWK IUDJPHQWHG IXOO OHQJWK 6 U51$ LQ YLWUR
WUDQVFULEHGIURP3&5DPSOLFRQV8VLQJWKH+,7&KLSIRUFRPSDULQJSK\ORJHQHWLFSURILOHV
RIIHFDOPLFURELRPHVIURPILYH\RXQJDQGILYHHOGHUO\DGXOWVFROOHFWHGDWWKUHHWLPHSRLQWV
5DMLOLü6WRMDQRYLü DQG FROOHDJXHV FRQILUPHG SUHYLRXV ILQGLQJV WKDW WKH DGXOW IHFDO
PLFURELRPHLVKLJKO\LQGLYLGXDOVSHFLILFDQGUHODWLYHO\VWDEOHRYHUWLPH0RUHUHFHQWO\
WKH +,7&KLS ZDV XVHG WR SURILOH WKH *, PLFURELRPH D UDQJH RI GLIIHUHQW SRSXODWLRQV RI
KHDOWK\ VXEMHFWV DQG RI SDWLHQWV VXIIHULQJ VSHFLILF LQWHVWLQDO RU PRUH V\VWHPLF GLVHDVHV
LQFOXGLQJ D JURXS RI SDWLHQWV ZLWK UHFXUUHQW& GLIILFLOH LQIHFWLRQV ZKR KDG UHFHLYHG DQ
GXRGHQDO LQIXVLRQ RI KHDOWK\ GRQRU IHFHV DV DQ DOWHUQDWLYH WR DQWLELRWLF WUHDWPHQW DQG
VKRZHGDVLJQLILFDQWO\KLJKHUUHVROXWLRQRI&GLIILFLOHDVVRFLDWHGGLDUUKHDFRPSDUHGWRWKH
DQWLELRWLF WUHDWPHQW JURXS $IWHU GRQRUIHFHV LQIXVLRQ SDWLHQWV GLVSOD\HG DQ LQFUHDVHG
IHFDOEDFWHULDOGLYHUVLW\VLPLODUWRWKDW LQKHDOWK\GRQRUVZLWKDQLQFUHDVHLQPHPEHUVRI






 VKRUW SURFHVVLQJ DQG GDWD DFTXLVLWLRQ WLPHV +RZHYHU +,7&KLS DQDO\VLV FRPHV DW
KLJKHURUFRPSDUDEOHFRVWVFRPSDUHGZLWKQH[W JHQHUDWLRQVHTXHQFLQJGHSHQGLQJRQ WKH
VHTXHQFLQJ SODWIRUP XWLOL]HG DQG WKH UHVROXWLRQ UHTXLUHG ZKLFK LV HVWLPDWHG WR EH WKH
HTXLYDOHQW RI  QW )/; S\URVHTXHQFLQJ UHDGV SHU VDPSOH )LJXUH  7KH
+,7&KLSKDVEHHQEHQFKPDUNHGWRS\URVHTXHQFLQJDQGVKRZHGKLJKFRQFRUGDQFHIRUIHFDO
VDPSOHVZKHUHDVVPDOOLQWHVWLQDOVDPSOHVVKRZHGORZHUDJUHHPHQW7KLVEULQJVXVWR






LV WHFKQLFDOO\ GHPDQGLQJ DQG UHTXLUHV H[WHQVLYH WHVWLQJ YDOLGDWLRQ DQG RSWLPL]DWLRQ








:KLOH LQLWLDO JHUP IUHHPLFH VWXGLHV WKDW VXJJHVWHG D UROH IRU WKH*,PLFURELRPH LQKRVW
HQHUJ\ PHWDEROLVP ZHUH SHUIRUPHG IURP D KRVW SHUVSHFWLYH D SK\OXP OHYHO
FRPSRVLWLRQDOVKLIWZDVDVVRFLDWHGZLWKWKHPLFURELRPHRIREHVHDQLPDOV7KLVLQFUHDVH
LQ WKH UHODWLYH DEXQGDQFH RI )LUPLFXWHV DQG D SURSRUWLRQDO GHFUHDVH LQ WKH%DFWHURLGHWHV
ZDVFRQILUPHGLQDKXPDQGLHWDU\LQWHUYHQWLRQVWXG\WKDWVKRZHGWKDWZHLJKWORVVRIREHVH




RIPHPEHUVRI WKH%DFWHURLGHWHV SK\OXP LQ WKH*, WUDFW RI REHVH DQLPDOV0RUHRYHU*,
PLFURELDO WUDQVSODQWV IURP REHVH WR JHUP IUHH DQLPDOV OHG WR DGGLWLRQDO ZHLJKW JDLQ
FRPSDUHGWRPLFHWKDWKDGUHFHLYHGDW³OHDQ´PLFURELRPHGHVSLWHVLPLODUIRRGLQWDNH7KLV
IXHOOHG WKH K\SRWKHVLV WKDW WKH REHVH PLFURELRPH SRVVHVVHV DQ LQFUHDVHG FDSDFLW\ IRU


























2olela eoloial tool to deie te ole o o ioial a in oeit 

VLJQDOOLQJFDSDFLW\WRWKHKRVWFDQFRQWULEXWHWRWKHGHYHORSPHQWRIDQREHVHSKHQRW\SH
 7KLV ERG\ RI ZRUN GHPRQVWUDWHG WKH SRWHQWLDO UHODWLRQVKLS EHWZHHQ *, PLFURELRPH
FRPSRVLWLRQDQGKRVWHQHUJ\KDUYHVWDQGIDWVWRUDJH
'LHWLQGXFHGREHVLW\LQPLFH
$OWKRXJK WKH KDOOPDUN VWXGLHV RI WKH *RUGRQ ODE GHPRQVWUDWHG DQ DVVRFLDWLRQ EHWZHHQ
REHVLW\DQG*,WUDFWPLFURELRPHFRPSRVLWLRQ+LOGHEUDQGWHWDOUHSRUWHGDKLJKIDWGLHWWR
FDXVHODUJHDOWHUDWLRQVLQ*,PLFURELDOFRPSRVLWLRQLQGHSHQGHQWRIREHVLW\ZKLFKLQFOXGHG
WKH FRQFRPLWDQW GHFUHDVH LQ %DFWHURLGHWHV DQG LQFUHDVH RI )LUPLFXWHV EXW DOVR
3URWHREDFWHULD 7KLV VWXG\ XVHG 5(/0ȕBNQRFNRXW PLFH ZKLFK UHPDLQ FRPSDUDWLYHO\
OHDQZKHQIHGDKLJKIDWGLHWFRPSDUHGWRZLOGW\SHPLFH7KLVZDVREVHUYHGERWKIRUWKH
REHVHDQGOHDQJHQRW\SHVLHLQWKHSUHVHQFHDQGDEVHQFHRIJHQHVDVVRFLDWHGWRREHVLW\




FRQVXPHG D GLHW KLJK LQ VDWXUDWHG IDW DV RSSRVHG WR PRQR RU SRO\XQVDWXUDWHG IDW 7KH
SULPDU\ WULJJHU IRU WKHVH REVHUYHG FRPSRVLWLRQDO GLIIHUHQFHV ZDV OLNHO\ DQ RYHUIORZ RI
GLHWDU\IDWWRGLVWDOSDUWVRIWKHLQWHVWLQH$QRWKHUVWXG\FRQILUPHGWKHOLQNEHWZHHQKLJK
IDWIHHGLQJUDWKHUWKDQJHQHWLFDOO\LQGXFHGREHVLW\DQGWKLV³REHVLW\DVVRFLDWHG´PLFURELDO
FRPSRVLWLRQ LQ WKHPXULQH*, WUDFW$GGLWLRQDOO\FKDQJHV LQ WKHSURSRUWLRQVRI WKHPDMRU






WKDW FKDQJHV LQ*,PLFURELRPHFRPSRVLWLRQ SULPDULO\ LQGXFHGE\GLHW FDQ VXEVHTXHQWO\
FRQWULEXWH WRGHYHORSPHQW DQGRU SURJUHVVLRQRIPHWDEROLF GLVRUGHUV FDQQRW EH H[FOXGHG
$OVR UHFHQW HYLGHQFH KDV FRPH WR OLJKW WKDW ERWK GLHW FRPSRVLWLRQ DQG KRVW DGLSRVLW\




,Q FRQWUDVW WR URGHQW PRGHOV KXPDQ VWXGLHV HPSOR\LQJ GLIIHUHQW PHWKRGRORJLHV ),6+
T3&5 DQG VHTXHQFLQJ KDYH ODUJHO\ VKRZQ FRQIOLFWLQJ UHVXOWV 7KH REHVLW\DVVRFLDWHG
GHFUHDVHLQWKHUDWLRRI%DFWHURLGHWHVWR)LUPLFXWHV%)SURSRVHGE\/H\HWDOKDVEHHQ




DQ REHVLW\DVVRFLDWHG LQFUHDVH LQ WKH %) UDWLR0RUH UHFHQWO\ WZR VWXGLHV HPSOR\LQJ
1*6 RI IDHFDO VDPSOHV IURP KXQGUHGV RI LQGLYLGXDOV DOVR GLG QRW ILQG D VLJQLILFDQW
FRUUHODWLRQ EHWZHHQ %0, DQG %) UDWLR  ,QWHUHVWLQJO\ 9HUGDP HW DO UHSRUWHG D
QHJDWLYH FRUUHODWLRQEHWZHHQ%0,DQG%) UDWLR XVLQJ WKH+,7&KLS EXW WKH\ IRXQG WKDW
WKLV ZDV SDUWLFXODUO\ FKDUDFWHULVWLF IRU VHYHUHO\ REHVH LQGLYLGXDOV ZLWK D %0, ! 
$ORQJVLGH REYLRXV GLIIHUHQFHV LQ XWLOL]HG WHFKQRORJLHV WKLV LQFRQVLVWHQF\ PD\ SDUWO\ EH
H[SODLQHGE\WKHKHWHURJHQHLW\DPRQJKXPDQVXEMHFWVZLWKUHVSHFWWRWKHLUJHQRW\SHDQG
OLIHVW\OH DV ZHOO DV WKH VSHFLILFLW\ RI DQ LQGLYLGXDO¶V PLFURELRPH )XUWKHUPRUH WKH
PLFURELRPHLVH[SRVHGWRIXQGDPHQWDOO\GLIIHUHQWµHQYLURQPHQWDO¶IDFWRUVLQERWKDQREHVH
DQGOHDQVWDWHWKDWJREH\RQG%0,DORQHVXFKDVWKHVXEVWDQWLDOLPSDFWRIWKHGLHWDQG
KRVWKRUPRQDO IDFWRUV0RUHRYHU WKHHWLRORJ\RIREHVLW\DQG LWVPHWDEROLFFRPSOLFDWLRQV
LQFOXGLQJ K\SHUOLSLGHPLD K\SHUWHQVLRQ ORZJUDGH LQIODPPDWLRQ JOXFRVH LQWROHUDQFH DQG
GLDEHWHV UHIOHFW WKH FRPSOH[ LQWHUDFWLRQV RI WKHVH PXOWLSOH JHQHWLF EHKDYLRXUDO DQG
HQYLURQPHQWDOIDFWRUV/DVWO\WKHDFFXUDF\RI%0,DVDQLQGLFDWRUIRUREHVLW\LVDFWXDOO\
TXLWH OLPLWHG DQGRIREHVHSHRSOHDUH LQ IDFW UHJDUGHGDVPHWDEROLFDOO\ ³KHDOWK\´
LHWKH\KDYHQRUPDOOLSLGDQGJOXFRVHPHWDEROLVP
/LQNLQJ*, WUDFWFRPSRVLWLRQGLUHFWO\DQGH[FOXVLYHO\ WRREHVLW\ LQKXPDQVDSSHDUV WREH
FKDOOHQJLQJ GXH WR D YDULHW\ RI FRQIRXQGLQJ IDFWRUV WKDW H[LVW ZLWKLQ WKH KHWHURJHQHRXV
KXPDQ SRSXODWLRQ 7KLV KDV OHG WR D FRQFHSWXDO VKLIW IURP WUHDWLQJ REHVLW\ DV D VLQJOH
SKHQRW\SH WR WKH FRUUHODWLRQ RI PLFURELDO VLJQDWXUHV WR GLVWLQFW RU PXOWLSOH IHDWXUHV
DVVRFLDWHGZLWKWKHGHYHORSPHQWRIPHWDEROLFV\QGURPH)XUHWHWDOHPSOR\HGT3&5WR
VWXG\ WKH PLFURELRPH RI PRUELGO\ REHVH LQGLYLGXDOV ZKR KDG XQGHUJRQH JDVWULF E\SDVV
VXUJHU\FRPSDUHG WR OHDQFRQWUROV7KH\UHSRUWHG WKH%DFWHURLGHV3UHYRWHOODJURXS WREH
DVVRFLDWHG ZLWK REHVLW\ EXW WKLV FRUUHODWLRQ ZDV KLJKO\ GHSHQGHQW RQ FDORULF LQWDNH
=KDQJHWDOVWXGLHGWKHHIIHFWVRIWKHVDPHVXUJLFDOSURFHGXUHXVLQJDVHTXHQFLQJDSSURDFK




ELILGREDFWHULD DQG EXW\UDWH SURGXFLQJ )LUPLFXWHV LQ REHVH LQGLYLGXDOV RQ D ORZ
FDUERK\GUDWH ZHLJKW ORVV GLHW 0RUHRYHU -XPSHUW] HW DO LQYHVWLJDWHG WKH UROH RI WKH
PLFURELRPHDVDUHJXODWRURIQXWULHQWDEVRUSWLRQLQKXPDQV7KH\WHVWHGKRZ*,EDFWHULDO
FRPPXQLW\VWUXFWXUHLVDIIHFWHGE\DOWHULQJWKHQXWULHQWORDGLQOHDQDQGREHVHLQGLYLGXDOV




VWRRO VDPSOHVZHUH FROOHFWHG DIWHU VXEMHFWV KDGEHHQRQ DZHLJKWPDLQWDLQLQJGLHW7KHLU
UHVXOWV RQ UHODWLYH RYHU RU XQGHUIHHGLQJ ZHUH DOVR FRQVLVWHQW ZLWK WKH DVVRFLDWLRQ RI D
2olela eoloial tool to deie te ole o o ioial a in oeit 

FDORULFDOO\PRUHGHQVHKLJKIDWKLJKVXJDUGLHWZLWKDQLQFUHDVHLQWKHUHODWLYHDEXQGDQFH





0XQXNND HW DO FRPSDUHG WKH PLFURELRPH RI RYHUZHLJKW ZRPHQ ZLWK DQG ZLWKRXW




%0,7KH UROHRI*,PLFURELDO FRPSRVLWLRQ DQGGLDEHWHV W\SHKDVEHHQ UHYLHZHGE\
*UHLQHU DQG FRDXWKRUV 8QWLO UHFHQWO\ QR FDXVDO UHODWLRQVKLS KDG EHHQ HVWDEOLVKHG
EHWZHHQ KRVW JOXFRVH KRPHRVWDVLV DQG *, PLFURELDO FRPSRVLWLRQ \HW 9ULH]H HW DO
WUDQVSODQWHG WKH IDHFDO PLFURELRPH IURP OHDQ GRQRUV WR LQGLYLGXDOV ZLWK PHWDEROLF
V\QGURPHDQG LQFUHDVHG WKHLU LQVXOLQVHQVLWLYLW\VLJQLILFDQWO\7KH IDHFDOPLFURELRPHRI
REHVH VXEMHFWV ZDV FKDUDFWHUL]HG E\ ORZHU PLFURELDO GLYHUVLW\ KLJKHU DPRXQWV RI
%DFWHURLGHWHVDQGGHFUHDVHGDPRXQWVRI&ORVWULGLXPFOXVWHU;,9DDVFRPSDUHGZLWKOHDQ
KHDOWK\VXEMHFWV$OORJHQLFWUDQVSODQWIURPWZRGLIIHUHQWLQGLYLGXDOVVKRZHGDQLQFUHDVH





FRPSRVLWLRQ WKDQ XQUHODWHG VXEMHFWV RU E\ VHOHFWLQJ VXEMHFWV EHORQJLQJ WR D FXOWXUDOO\
DQG JHQHWLFDOO\ KRPRJHQRXV SRSXODWLRQ ,Q DQ DWWHPSW WR H[FOXGH WKH LQIOXHQFH RI
JHQRW\SLF GLIIHUHQFHV 7LPV HW DO FRPSDUHG WZLQV GLVFRUGDQW IRU %0, XVLQJ WKH
+,7&KLS7KH\UHSRUWHGDSRVLWLYHFRUUHODWLRQRIWKHKLJKHU%0,WZLQVZLWKWKHUHODWLYH
DEXQGDQFH RI UHODWLYHV RI (XEDFWHULXP YHQWULRVXP DQG 5RVHEXULD LQWHVWLQDOLV DQG DQ
LQYHUVH FRUUHODWLRQ ZLWK UHODWLYHV RI 2VFLOORVSLUD JXLOOHUPRQGLL :KHQ FRRFFXUUHQFH
QHWZRUNVZHUHEXLOW WKH IRUPHU WZRDSSHDUHG LQDQHWZRUNRIEXW\UDWHSURGXFHUVDQG WKH
ODWWHU LQ D QHWZRUN RI SULPDU\ ILEHU GHJUDGHUV LPSOLFDWLQJ D UROH IRU LQFUHDVHG HQHUJ\
H[WUDFWLRQ WKURXJK 6&)$ SURGXFWLRQ+RZHYHU WKH SRWHQWLDO LPSDFW RI WKH GLHW RQ WKHVH
ILQGLQJVZDVQRWGHWHUPLQHGIRULQVWDQFHDKLJKHUSODQWSRO\VDFFKDULGHFRQVXPSWLRQLQWKH
ORZHU%0,JURXSVEHLQJWKHEDVLVIRUDKLJKHUDEXQGDQFHRISULPDU\ILEHUGHJUDGHUV
=XSDQFLFHWDOXVHGDVHTXHQFLQJDSSURDFK WRVWXG\VXEMHFWV WKDWEHORQJ WR WKHROGRUGHU
$PLVKVHFWZKLFKH[KLELWVJUHDWXQLIRUPLW\RIVRFLRHFRQRPLFVWDWXVDQGOLIHVW\OHDQGOHVV
JHQHWLF KHWHURJHQHLW\ FRPSDUHGZLWK WKH JHQHUDO SRSXODWLRQ:KHUHDV QR FRUUHODWLRQZDV
ate ʹ 












UROH LQ WKH GHYHORSPHQW RI REHVLW\ LQ KXPDQV ZKLFK PLJKW SDUWO\ EH H[SODLQHG E\ WKH
KHWHURJHQHLW\LQJHQRW\SHOLIHVW\OHGLHWDQGWKHFRPSOH[HWLRORJ\RIREHVLW\DQGDVVRFLDWHG
PHWDEROLFGLVRUGHUV6HYHUDOVWXGLHVKDYHUHYHDOHGWKHGLHWWREHDPDMRUIDFWRULQIOXHQFLQJ
*, PLFURELDO FRPSRVLWLRQ ZLWK QXWULHQW ORDG DQG GLHWDU\ IDW EHLQJ VWURQJ FRQWULEXWRUV
WRZDUGVDQLQFUHDVHLQ)LUPLFXWHVDQGSURSRUWLRQDOGHFUHDVHLQ%DFWHURLGHWHV)XUWKHUPRUH
WKLV GHFUHDVHG %) UDWLR VHHPV WR EH REVHUYHG SDUWLFXODUO\ IRU VHYHUHO\ RYHUZHLJKW
LQGLYLGXDOV1HYHUWKHOHVV EDFWHULD WKRXJKW WREH LQYROYHG LQ6&)$ DQGPDLQO\EXW\UDWH
SURGXFWLRQNHHSHPHUJLQJGLIIHUHQWLDOLQPRVWFRUUHODWLYHVWXGLHV
7KH VXEMHFW RI D JXW PLFURELDO FRPSRVLWLRQ VLJQDWXUH DVVRFLDWHG ZLWK REHVLW\ UHPDLQV
FRQWURYHUVLDO QRW RQO\ EHFDXVH RI D QXPEHU RI FRQIRXQGLQJ IDFWRUV EXW DOVR GXH WR WKH
REVHUYDWLRQ WKDW LW LV VWLOO XQFOHDU KRZ YDULDWLRQ LQ WKH FRPSRVLWLRQ RI VSHFLHV LQ WKH
PLFURELRPHDIIHFWVWKHPHWDEROLFDFWLYLW\RIWKHFRPPXQLW\DQGFRQVHTXHQWO\WKHKRVWDV
ZH DUH VWLOO KLQGHUHG E\ RXU OLPLWHG DELOLW\ WR LQIHU RUJDQLVPDO IXQFWLRQ IURP6 U51$
JHQHVHTXHQFHV1RQHWKHOHVV UHFHQWO\DFRPSXWDWLRQDODSSURDFK WRSUHGLFW WKH IXQFWLRQDO
FRPSRVLWLRQRIDPHWDJHQRPHXVLQJPDUNHUJHQHGDWDDQGDGDWDEDVHRIUHIHUHQFHJHQRPHV
KDV EHHQ GHYHORSHG 3,&586W SK\ORJHQHWLF LQYHVWLJDWLRQ RI FRPPXQLWLHV E\
UHFRQVWUXFWLRQ RI XQREVHUYHG VWDWHV XVHV DQ DQFHVWUDOVWDWH UHFRQVWUXFWLRQ DOJRULWKP WR
SUHGLFWZKLFK JHQH IDPLOLHV DUH SUHVHQW DQG WKHQ FRPELQHV JHQH IDPLOLHV WR HVWLPDWH WKH
FRPSRVLWH PHWDJHQRPH ,W KDV EHHQ YDOLGDWHG E\ UHFDSWXULQJ NH\ ILQGLQJV IURP WKH
+XPDQ0LFURELRPH3URMHFWE\DFFXUDWHO\SUHGLFWLQJWKHDEXQGDQFHRIJHQHIDPLOLHVE\
XVLQJ6U51$JHQHLQIRUPDWLRQ7KHLUUHVXOWVGHPRQVWUDWHWKDWSK\ORJHQ\DQGIXQFWLRQ
DUH VXIILFLHQWO\ OLQNHG WKDW WKLV 
SUHGLFWLYH PHWDJHQRPLF
 DSSURDFK FRXOG SURYLGH XVHIXO




RXWSXW DQG WKXV WKH SRWHQWLDO LPSDFW RQ KRVW PHWDEROLVP UHTXLUHV WKH KHOS RI PROHFXODU
2olela eoloial tool to deie te ole o o ioial a in oeit 





XVHG WR VWXG\ WKH SK\ORJHQHWLF SK\VLRORJLFDO DQG IXQFWLRQDO SURSHUWLHV RI PLFURELDO
FRPPXQLWLHV ,QLWLDO VWXGLHV LQYROYHG WKH JHQHUDWLRQ RI ODUJHLQVHUW FORQHOLEUDULHV WKDW
FDQ EH XVHG IRU VHTXHQFLQJ RI FORQHV RI LQWHUHVW DV ZHOO DV IXQFWLRQGULYHQ DQDO\VLV
6HTXHQFHGULYHQ DQDO\VHV DUH EDVLFDOO\ SHUIRUPHG WR REWDLQ D VQDSVKRW RI WKH JHQHWLF
GLYHUVLW\RIDQHFRV\VWHPZKLOHIXQFWLRQGULYHQDQDO\VHVDUHGRQHWRVFUHHQWKHOLEUDU\IRU
QRYHOHQ]\PHVVXFKDVFDUERK\GUDWHDFWLYHHQ]\PHVZKLFKDUHRISDUWLFXODULQWHUHVWLQ*,
WUDFW UHVHDUFK VLQFH 6&)$ SURGXFWLRQ WKURXJK FDUERK\GUDWH IHUPHQWDWLRQ LV D ZHOO NQRZ
ZD\ RI WKH PLFURELRPH WR VXSSO\ WKH KRVW ZLWK DGGLWLRQDO FDORULHV 7\VRQ HW DO
GHPRQVWUDWHG WKDW UDQGRP VKRWJXQ VHTXHQFLQJ RI D VPDOO LQVHUW SODVPLG OLEUDU\ SUHSDUHG
IURP HQYLURQPHQWDO '1$ FDQ EH XVHG WR UHFRQVWUXFW D VLPSOH PLFURELDO FRPPXQLW\
SURYLGLQJDPRGHO IRU WKHDQDO\VLVRIRWKHUFRPPXQLWLHV WKDWDUHPRUHFRPSOH[8VLQJ
WKLVDSSURDFK*LOOHWDOVWDUWHGWRGHILQHWKHJHQHFRQWHQWDQGHQFRGHGIXQFWLRQDODWWULEXWHV
RI WKH IHFDO PLFURELRPH RI WZR KHDOWK\ KXPDQ DGXOWV $ \HDU ODWHU .XURNDZD HW DO




WKURXJKSXW VKRWJXQ VHTXHQFLQJ RQ QH[W JHQHUDWLRQ WHFKQRORJ\ PDFKLQHV JHQHUDOO\
SURGXFLQJVKRUWUHDGV7KLVVWUDWHJ\ZDVHPSOR\HGE\4LQHWDOZKRLQPDSSHGWKH
KXPDQ JDVWURLQWHVWLQDO PHWDJHQRPH HVWDEOLVKLQJ D KXPDQ JXW PLFURELDO JHQH FDWDORJXH
WKDWFRQWDLQHGPLOOLRQQRQUHGXQGDQWJHQHVDQGGHILQHGDQGGHVFULEHGWKHPLQLPDOJXW
PHWDJHQRPH JHQHV LQYROYHG LQ WKHKRPHRVWDVLVRI WKHZKROHHFRV\VWHPHQFRGHGDFURVV
PDQ\ VSHFLHV DQG WKH PLQLPDO JXW EDFWHULDO JHQRPH WKH IXQFWLRQV QHFHVVDU\ IRU D
EDFWHULXP WR WKULYH LQ D JXW FRQWH[W $W D VHTXHQFLQJ GHSWK RI RQ DYHUDJH  *E SHU
VDPSOH WKH\ IRXQG WKDWDOPRVWRI WKHJHQHVIURPHDFK LQGLYLGXDODUHVKDUHGZLWKDW
OHDVWKDOIRIWKHLQGLYLGXDOVRIWKHFRKRUWZKLFKFRPSULVHGRI(XURSHDQVXEMHFWV7KH
VL]H RI WKLV FRUH H[FHHGHG E\ VHYHUDOIROG WKDW RI WKH FRUH PHWDJHQRPH UHSRUWHG
SUHYLRXVO\+RZHYHUXVLQJ1*6WR LQFUHDVH WKHDPRXQWRIGDWD WRELOOLRQVRIEDVHVSHU
VDPSOHVWLOOVKRZVOLPLWDWLRQVLQJHQHUDWLQJKLJKTXDOLW\GHQRYRDVVHPEOLHVDV4LQHWDO
RQO\PDQDJHG WRDVVHPEOHRI WKH VKRUW UHDGV LQWRPLOOLRQFRQWLJVRI!ES
7KHFKDOOHQJHDQGXVHIXOQHVVRIPHWDJHQRPLFDVVHPEO\LVXQOLNHO\WREHVROHO\DGGUHVVHG
E\LQFUHDVLQJWKHGHSWKRIFRYHUDJHDQGLPSURYHPHQWVZLOOGHSHQGRQERWKWKHQDWXUHDQG




UHDGV WRSXEOLFDOO\ DYDLODEOHKXPDQJXW EDFWHULDO JHQRPHV+RZHYHU WKLV QXPEHU LV






RU REHVLW\ 'HVSLWH GLVFRYHULQJ D YHU\ KLJK OHYHO RI IXQFWLRQDO VLPLODULW\ SDLUZLVH
FRPSDULVRQV RIPHWDEROLF SURILOHV UHYHDOHG DQ DYHUDJH5 YDOXH RI  WKH\ LGHQWLILHG
QRQFRUH DVVRFLDWHG IXQFWLRQV WKDWZHUH HQULFKHGRU GHSOHWHG LQ WKHPLFURELRPHRI REHVH
VXEMHFWV )XUWKHUPRUH WD[RQRPLF FODVVLILFDWLRQ RI PHWDJHQRPH UHDGV FRQILUPHG WKH
REVHUYHG 6 U51$ JHQHEDVHG FRPSRVLWLRQDO GLIIHUHQFHV ZLWK UHVSHFW WR ORZHU UHODWLYH
DEXQGDQFHRI%DFWHURLGHWHVDQGKLJKHUUHODWLYHDEXQGDQFHRI)LUPLFXWHVDQG$FWLQREDFWHULD
LQREHVHVXEMHFWV)RUH[DPSOH WKHREHVHKXPDQJXWPLFURELRPHZDVHQULFKHG IRUJHQHV
HQFRGLQJ SKRVSKRWUDQVIHUDVH V\VWHPV 376 LQYROYHG LQ PLFURELDO SURFHVVLQJ RI
FDUERK\GUDWHVSRLQWLQJDJDLQLQWKHGLUHFWLRQRILQFUHDVHGHQHUJ\KDUYHVW
6KRWJXQVHTXHQFLQJRIFRPPXQLW\'1$PD\FDSWXUH IXQFWLRQDOGLIIHUHQFHV LQPHWDEROLF
SRWHQWLDO \HW FRPSDUDWLYHPHWDJHQRPLF DQDO\VLV RI WKH KXPDQPLFURELRPH KDV UHYHDOHG
KLJKIXQFWLRQDOXQLIRUPLW\DFURVVVDPSOHVDQGRQO\LGHQWLILHGDVPDOOVHWRIPLFURELDO
JHQHVRUSDWKZD\VWKDWDSSHDUWREHDVVRFLDWHGZLWKKRVWREHVLW\+RZHYHU*UHHQEOXP
HW DO HPSOR\HG D PHWDJHQRPLF V\VWHPV ELRORJ\ DSSURDFK JHQHUDWLQJ FRPPXQLW\ OHYHO
PHWDEROLF QHWZRUNV IURP WKH IHFDO PLFURELRPH RI  XQUHODWHG LQGLYLGXDOV DQG 
PRQR]\JRWLFWZLQSDLUV%\SODFLQJYDULDWLRQVLQJHQHDEXQGDQFHLQWKHFRQWH[WRIWKHVH
QHWZRUNVWKH\VKRZHGWKDWJHQHVDVVRFLDWHGZLWKDQREHVHSKHQRW\SHWHQGHGWREHORFDWHG
RQ WKH RXWVLGH HGJH RI WKHVH PHWDEROLF QHWZRUNV VXJJHVWLQJ WKDW WKH\ HQFRGH PHWDEROLF
VWHSV WKDW DUH UHODWLYHO\ UHPRWH IURP WKH FRUH RI WKH QHWZRUN7KHPRVW UHPRWH HQ]\PHV
UHSUHVHQWHLWKHUWKHPLFURELRPH¶VILUVWPHWDEROLFVWHSVLHLWVVXEVWUDWHLVQRWSURGXFHGE\
DQ\DQRWKHUHQ]\PHLQWKHPLFURELRPHRUWKHODVWLHHQ]\PHVWKDWSURGXFHPHWDEROLWHV




DQG SFUHVRO DQG WKH SURGXFWLRQ RI 1 7KH DXWKRUV IXUWKHU GHPRQVWUDWHG WKDW REHVH
PLFURELRPHV DUH OHVV PRGXODU D VSHFLILF QHWZRUNOHYHO IHDWXUH WKDQ WKRVH RI KHDOWK\









PDUNHUV $OWKRXJK 7' ZDV D VLJQLILFDQW IDFWRU IRU H[SODLQLQJ WKH YDULDWLRQ LQ WKH
H[DPLQHGJXWPLFURELDOVDPSOHVDJDLQRQO\DVPDOO IUDFWLRQRI WKHJXWPLFURELDO
JHQHV DW WKH UHODWLYH DEXQGDQFH OHYHO ZHUH DVVRFLDWHG ZLWK 7' LQ DQ LQGLYLGXDO ,Q
JHQHUDO 7'HQULFKHG IXQFWLRQDO PDUNHUV ZHUH W\SLFDOO\ LQYROYHG LQ WKH .\RWR
(QF\FORSHGLD RI*HQHV DQG*HQRPHV .(** FDWHJRULHV RIPHPEUDQH WUDQVSRUW$W WKH
PRGXOH RU SDWKZD\ OHYHO WKH JXW PLFURELRWD RI 7' SDWLHQWV VKRZHG HQULFKPHQW RI
IXQFWLRQVUHODWHGWRPHPEUDQHWUDQVSRUWRIVXJDUV[HQRELRWLFVGHJUDGDWLRQDQGPHWDEROLVP
DQG IXQFWLRQV UHODWLQJ WR JXW R[LGDWLYH VWUHVV UHVSRQVHV ZKLFK DUH FRQVLVWHQW ZLWK WKH




5HFHQWO\ /H &KDWHOLHU HW DO VHTXHQFHG WKH PHWDJHQRPHV RI 'DQLVK LQGLYLGXDOV DQG
UHSRUWHGDELPRGDOGLVWULEXWLRQRIEDFWHULDOJHQHVLQWKHREHVHLQGLYLGXDOV7KHORZDQG
KLJK JHQH FRXQW JURXSV /*&+*& FRQWDLQHG RQ DYHUDJH  DQG  JHQHV
UHVSHFWLYHO\ LQ OLQH ZLWK ORZHU RU KLJKHU PLFURELDO ULFKQHVV DV PHDVXUHG E\ +,7&KLS
DQDO\VLV %DVHG RQ UHIHUHQFH JHQRPH PDSSLQJ RI WKH PHWDJHQRPH UHDGV DW WKH SK\OXP
OHYHO/*&LQGLYLGXDOVZHUHFKDUDFWHUL]HGE\DKLJKHUUHODWLYHDEXQGDQFHRI3URWHREDFWHULD
DQG%DFWHURLGHWHVZKHUHDV WKH IHFDOPLFURELRPH RI+*& LQGLYLGXDOVZDV HQULFKHGZLWK
9HUUXFRPLFURELD$FWLQREDFWHULDDQG(XU\DUFKDHRWD$WWKHVSHFLHVOHYHO+*&LQGLYLGXDOV
VKRZHG KLJKHU SUHYDOHQFH RI SUHVXPHG DQWLLQIODPPDWRU\ VSHFLHV VXFK DV
)DHFDOLEDFWHULXP SUDXVQLW]LL ZKHUHDV /*& VXEMHFWV KDG KLJKHU UHODWLYH DEXQGDQFH RI
SRWHQWLDOO\SURLQIODPPDWRU\%DFWHURLGHVDQG5XPLQRFRFFXVJQDYXV1HYHUWKHOHVVWKHYDVW
PDMRULW\RIWKHJHQHVWKDWZHUHVLJQLILFDQWO\GLIIHULQJLQUHODWLYHDEXQGDQFH
EHWZHHQ WKH/*&DQG+*&JHQH LQGLYLGXDOV FRXOGQRW EH DVVLJQHG WR D NQRZQEDFWHULDO
JHQRPHDQG WKHVHJHQHVZHUHFOXVWHUHG LQWRVSHFLHV OLNHJURXSVXVLQJDJHQHDEXQGDQFH
EDVHGDSSURDFK7KH WD[RQRP\EDVHGFRQFOXVLRQVZHUH LQFRQFRUGDQFHZLWK WKH IXQFWLRQ
DQDO\VLV /*& LQGLYLGXDOV KDG D KLJKHU DEXQGDQFH RI SHUR[LGDVH FDWDODVH DQG 7&$
PRGXOHVVXJJHVWLQJLQFUHDVHGFDSDFLW\WRKDQGOHH[SRVXUHWRR[\JHQR[LGDWLYHVWUHVVDQG
WKH\ VKRZHG D UHGXFHG K\GURJHQ DQG PHWKDQH SURGXFWLRQ SRWHQWLDO FRPELQHG ZLWK
LQFUHDVHG K\GURJHQ VXOILGH IRUPDWLRQ SRWHQWLDO ,Q FRQWUDVW +*& LQGLYLGXDOV ZHUH
FKDUDFWHUL]HG E\ D SRWHQWLDOO\ LQFUHDVHG SURGXFWLRQ RI RUJDQLF DFLGV²LQFOXGLQJ ODFWDWH
SURSLRQDWHDQGEXW\UDWH²FRPELQHGZLWKDKLJKHUK\GURJHQSURGXFWLRQSRWHQWLDO2YHUDOO
WKLV VXJJHVWV WKDW /*& LQGLYLGXDOV KDUERU DQ LQIODPPDWLRQDVVRFLDWHG PLFURELRPH 7KH
DXWKRUV WHVWHG VLJQLILFDQFH RI FRUUHODWLRQV RI +*& DQG /*& LQGLYLGXDOV ZLWK VHYHUDO
REHVLW\DVVRFLDWHGDQWKURSRPHWULFDQGELRFKHPLFDOYDULDEOHVVXFKDV%0,ZHLJKWZKROH
ERG\ IDW LQVXOLQ UHVLVWDQFH K\SHULQVXOLQDHPLD K\SHUOLSLGDHPLD GHFUHDVHG +'/
ate ʹ 

FKROHVWHURO DQGPDUNHUV RI ORZ JUDGH LQIODPPDWLRQ DQG LQWHUHVWLQJO\ DOO EXW ZHLJKW DQG
%0, ZHUH VLJQLILFDQWO\ FRUUHODWHG ZLWK JHQH FRXQW $GGLWLRQDOO\ ZKHQ WKH\ FRPSDUHG
PHWDJHQRPHV EHWZHHQ OHDQ %0, DQG REHVH %0,! RQO\ a VLJQLILFDQWO\
GLIIHUHQWJHQHVZHUHIRXQGLQGLFDWLQJWKDWWKH*,WUDFWRIREHVHDQGOHDQLQGLYLGXDOVGLIIHUV
OHVV WKDQ WKDW RI WKH /*& DQG +*& LQGLYLGXDOV 7KLV DJDLQ LQGLFDWHV WKDW %0, LV
SUREDEO\QRWDQDSSURSULDWHLQGLFDWRUIRUREHVLW\$QDFFRPSDQ\LQJSDSHUGHPRQVWUDWHGWKH
VDPH ELPRGDO JHQH ULFKQHVV GLVWULEXWLRQZLWKLQ D JURXS RI  RYHUZHLJKW DQG  REHVH
LQGLYLGXDOV WKDW XQGHUZHQW D GLHWLQGXFHG ZHLJKWORVV DQG ZHLJKWVWDELOL]DWLRQ
LQWHUYHQWLRQ *HQH ULFKQHVV LQFUHDVHG VLJQLILFDQWO\ LQ WKH /*& LQGLYLGXDOV DQG HYHQ
UHPDLQHGKLJKHUWKDQDWEDVHOLQHDIWHUWKHZHLJKWVWDELOL]DWLRQSKDVH7KLVLQFUHDVHLQJHQH
ULFKQHVV ZDV DVVRFLDWHG ZLWK DQ LPSURYHPHQW RI WKH PHWDEROLF VWDWXV ,QWHUHVWLQJO\
LQFUHDVHG FRQVXPSWLRQ RI IUXLW DQG YHJHWDEOHV DQG WKH GHFUHDVHG FRQVXPSWLRQ RI ILVKHU\
SURGXFWV ZHUH DVVRFLDWHG ZLWK KLJK EDFWHULDO ULFKQHVV DW EDVHOLQH DQG DOWKRXJK JHQH
ULFKQHVVZDVQRWIXOO\UHVWRUHGDIWHUWKHVKRUWWHUPLQWHUYHQWLRQWKHVHILQGLQJVVXSSRUWWKH
FRQFHSWRI WKHUHSRUWHG OLQNEHWZHHQ ORQJ WHUPGLHWDU\KDELWVDQG WKH VWUXFWXUHRI WKHJXW
PLFURELRPH  ,W DOVR VXJJHVWV WKDW D SHUPDQHQW FKDQJH RI WKH PLFURELRPH PD\ EH
DFKLHYHG E\ DSSURSULDWH GLHW 8QGHU WKH DVVXPSWLRQ WKDW /*& LQGLYLGXDOV DUH OHVV
KHDOWK\WKLVLPSOLHVWKDWWKHGLHWDU\FKDQJHVPLJKWLPSURYHPDUNHUVIRUREHVLW\UHODWHG
PHWDEROLF GLVRUGHUV HLWKHU WKURXJK LPSURYHPHQW RI KRVW SDUDPHWHUV VXFK DV ZHLJKW DQG
ZKROHERG\IDWPRGXODWLRQRIWKHPLFURELRPHRUTXLWHSODXVLEOHDFRPELQDWLRQRIERWK
1HYHUWKHOHVV PLFURELDO ULFKQHVV PLJKW KDYH SUHGLFWLYH YDOXH LQ WKH HIILFDF\ RI GLHWDU\
WUHDWPHQWV
)HUUHUHWDOUHSRUWHGFRQFRUGDQFHZLWKVRPHIHDWXUHVRXWOLQHGLQWKHSUHFHGLQJSDUDJUDSKV









WKH PLFURELRPH LQ REHVLW\ DQG LWV UHODWHG PHWDEROLF FRPSOLFDWLRQV WKH REVHUYDWLRQV E\
)HUUHU HW DO KLJKOLJKW WKH LPSRUWDQFH RI D PXOWLSOH SHUVSHFWLYHV DSSURDFK WKURXJK
LQWHJUDWLRQ RI FRPSRVLWLRQDO PHWDJHQRPLF EXW DOVR IXQFWLRQDO DQDO\VHV WR LGHQWLI\ WKH
DFWXDOSOD\HUV7KHVHIXQFWLRQDOWRROVZLOOEHDGGUHVVHGLQWKHIROORZLQJFKDSWHU
2olela eoloial tool to deie te ole o o ioial a in oeit 

&RPPXQLW\DFWLYLW\ZKDWDUHWKH\GRLQJDQGZKR¶VGRLQJZKDW"
$VPHWDJHQRPLFV FDQ EH FRQVLGHUHG DV FDWDORJXLQJ JHQHV RWKHUPHWDRPLFV DSSURDFKHV




(QYLURQPHQWDO PHWDWUDQVFULSWRPLFV UHWULHYHV HQYLURQPHQWDO P51$V IURP D PLFURELDO
HFRV\VWHPWRDVVHVVZKLFKJHQHVDUHH[SUHVVHGLQWKDWFRPPXQLW\DWDJLYHQSRLQWLQVSDFH
DQG WLPH ,QDGGLWLRQSK\ORJHQHWLFSURILOLQJRI WKHP51$GHULYHGVHTXHQFHVPD\UHYHDO
WKHDFWXDOPHFKDQLVPVE\ZKLFKLQGLYLGXDOPHPEHUVLPSDFWRQWKHLQWHVWLQDOHFRV\VWHP
7KH GLYHUVLW\ RI WKHPLFURELRPH KDV EHHQ WKH VXEMHFW RIPDQ\PHWDJHQRPLF VWXGLHV EXW
RQO\D IHZKDYHIRFXVHGRQWKHLQVLWXDFWLYLW\RIWKHPLFURELRPHLQWKHKXPDQLQWHVWLQH
,QLWLDOO\ ZKROH JHQRPH F'1$ PLFURDUUD\V ZHUH XVHG WR VWXG\ WKH DFWLYLW\ RI VSHFLILF
VSHFLHVLQGLIIHUHQW*,HFRV\VWHPV)RUH[DPSOH0DKRZDOGHWDOSHUIRUPHGZKROHJHQRPH
WUDQVFULSWLRQDODQDO\VLVRIFRORQLF51$IURPDVLPSOLILHGPLFURELRPHPRGHOLQJHUPIUHH
PLFH FRQVLVWLQJ RI WZR VSHFLHV IURP WKH )LUPLFXWHV (XEDFWHULXP UHFWDOH DQG
%DFWHURLGHWHV %DFWHURLGHV WKHWDLRWDRPLFRQ 7KH\ IRXQG WKDW % WKHWDLRWDRPLFURQ
DGDSWHG WR WKH SUHVHQFH RI ( UHFWDOH E\ XSUHJXODWLQJ H[SUHVVLRQ RI D YDULHW\ RI
SRO\VDFFKDULGHXWLOL]DWLRQORFLHQFRGLQJQXPHURXVJO\FRVLGHK\GURODVHVDQGE\VLJQDOOLQJ
WR WKH KRVW WR SURGXFH PXFRVDO JO\FDQV WKDW% WKHWDLRWDRPLFRQ EXW QRW( UHFWDOH FDQ
DFFHVV ,Q WXUQ ( UHFWDOH ZDV VKRZQ WR DGDSW WR % WKHWDLRWDRPLFURQ E\ GHFUHDVLQJ
SURGXFWLRQRILWVRZQJO\FDQGHJUDGLQJHQ]\PHVLQFUHDVLQJH[SUHVVLRQRIVHOHFWHGDPLQR
DFLGDQGVXJDUWUDQVSRUWHUVDQGIDFLOLWDWLQJJO\FRO\VLVE\UHGXFLQJOHYHOVRI1$'+SDUWO\
YLDJHQHUDWLRQRIEXW\UDWH IURPDFHWDWHZKLFK LQ WXUQ LVXVHGE\ WKHJXWHSLWKHOLXP7KLV
H[SHULPHQWV HOHJDQWO\ LOOXVWUDWHG QLFKH VSHFLDOL]DWLRQ DQG IXQFWLRQDO UHGXQGDQF\ RI
GLIIHUHQWPHPEHUVRIWKH*,WUDFWPLFURELRPH
,QDQRWKHUVWXG\DFRPSDUDWLYHPHWDWUDQVFULSWRPHSURILOLQJVWXG\RIWKHIHFDOPLFURELRPH
XVLQJ WKH ILQJHUSULQWLQJ PHWKRG FRPSOHPHQWDU\ '1$ DPSOLILHG IUDJPHQW OHQJWK
SRO\PRUSKLVP F'1$$)/3 UHYHDOHG KLJKO\ GLYHUJHQW H[SUHVVLRQ SURILOHV EHWZHHQ WZR
KHDOWK\VXEMHFWVZLWKFRQVLGHUDEOHIOXFWXDWLRQV LQ WLPH*HQHVHQFRGLQJSURWHLQV LQYROYHG
LQ FDUERK\GUDWH PHWDEROLVP ZHUH EHLQJ GRPLQDQWO\ H[SUHVVHG 5HFHQWO\ WKH IHFDO
PHWDWUDQVFULSWRPHRIPRQR]\JRWLFWZLQSDLUVZDVDQDO\]HGE\QH[WJHQHUDWLRQVHTXHQFLQJ
RI51$51$VHTDQGPHWDJHQRPLFVUHYHDOLQJDKLJKHUUHODWLYHH[SUHVVLRQFRPSDUHGWR
WKH PHWDJHQRPLFV GDWD RI JHQHV IURP .(** SDWKZD\V LQYROYHG LQ FDUERK\GUDWH
PHWDEROLVPDQGYLWDPLQPHWDEROLVPELRV\QWKHVLV7D[RQRPLFPDSSLQJDWJHQXVOHYHODOVR
UHYHDOHG D WZR WR WKUHHIROG KLJKHU UHODWLYH H[SUHVVLRQ E\ PHPEHUV RI WKH JHQHUD
3DUDEDFWHURLGHV %DFWHURLGHV $OLVWLSHV %ODXWLD 0HWKDQREUHYLEDFWHU DQG &RSURFRFFXV
ate ʹ 

DQG D ORZHU UHODWLYH H[SUHVVLRQ RI %LILGREDFWHULXP IROG (XEDFWHULXP QLQHIROG
&ROOLQVHOODDQG'RUHDILYHIROG
$OWKRXJK PHWDWUDQVFULSWRPH DQDO\VLV LV D SRZHUIXO WRRO WR GHWHUPLQH JHQH H[SUHVVLRQ
VWXGLHVDUHIDFHGZLWKWHFKQLFDOFKDOOHQJHVLQFOXGLQJWKHORZUHFRYHU\UDWHVRIKLJKTXDOLW\
P51$ IURPHQYLURQPHQWDO VDPSOHV WKH QHHG IRU TXHQFKLQJSURFHGXUHVGXH WR WKH VKRUW
KDOIOLIH WLPHVRIPLFURELDOP51$DQGVHSDUDWLRQRIP51$ IURPRWKHU51$VSHFLHV
 1RQHWKHOHVVWKHDGYHQWRI51$VHTXHQFLQJE\XOWUDKLJKWKURXJKSXW1*6WHFKQRORJLHV
KDV PLWLJDWHG VRPH RI WKH WHFKQLFDO LVVXHV E\ WKH VKHHU QXPEHU RI UHDGV JHQHUDWHG
8QIRUWXQDWHO\P51$WUDQVFULSWVDUHIDUOHVVVWDEOHWKDQWKHDFWXDOSURGXFHGSURWHLQVDQG
KHQFHWKH\GRQRWQHFHVVDULO\UHSUHVHQWWKHLUPLFURELDOIXQFWLRQ1RQHWKHOHVVLQVWDQWDQHRXV
LQYHQWRULHV RI P51$ SRROV DUH KLJKO\ LQIRUPDWLYH DERXW RQJRLQJ HFRORJLFDOO\ UHOHYDQW
SURFHVVHVDQG IOXFWXDWLRQV+RZHYHURQO\UHSOLFDWHGPDQLSXODWLYHH[SHULPHQWVZLOO IXOO\
OHYHUDJH WKH YDOXH RIPHWDWUDQVFULSWRPHV7KDW LV WR UHYHDO WKHPLFUREHV WKDW SHUFHLYH D
VSHFLILFHQYLURQPHQWDOFKDQJHDQGWKHPHWDEROLFSDWKZD\VWKH\LQYRNHWRUHVSRQGWRLW
6XFK VWXGLHV LQ KXPDQV ZRXOG EH IDFHG ZLWK VHYHUDO FKDOOHQJHV VXFK DV LPSUDFWLFDOLWLHV
DVVRFLDWHG ZLWK WHPSRUDO DQGRU VSDWLDO VDPSOLQJ RU LQVWDQWDQHRXV TXHQFKLQJ RI IUHVKO\




FRPELQLQJ VHYHUDO FRPSOHPHQWDU\ FXOWXUH LQGHSHQGHQW DSSURDFKHV 7KH\ LGHQWLILHG
IXQFWLRQVVXFKDV376VWKDWDUHRYHUUHSUHVHQWHGLQWKHVPDOOLQWHVWLQHFRPSDUHGWRIHFDO
PHWDJHQRPHV 0RUHRYHU DQ 51$VHT EDVHG PHWDWUDQVFULSWRPH DQDO\VLV VXSSRUWHG KLJK
OHYHOLQVLWXH[SUHVVLRQRIJHQHVHQFRGLQJ376VDQGFDUERK\GUDWHDFWLYHHQ]\PHV2YHUDOO
WKHVH ILQGLQJV VXJJHVW WKDW UDSLG XSWDNH DQG IHUPHQWDWLRQ RI DYDLODEOH FDUERK\GUDWHV
FRQWULEXWHVWRPDLQWDLQLQJWKHPLFURELRPHLQWKHKXPDQVPDOOLQWHVWLQH
$QRWKHU KLJKO\ VXLWDEOH SODWIRUP IRU UHSOLFDWH JDVWURLQWHVWLQDOPHWDWUDQVFULSWRPH DQDO\VLV
LQFOXGHG\QDPLF FRPSXWHU FRQWUROOHGPRGHOV WKDWPLPLF WKH KXPDQ*, WUDFW DV WKH\ DUH
KLJKO\ VWDEOH ODFN KRVW IHHGEDFN ORRSV WKDW FRXOG LQWHUIHUH ZLWK UHSOLFDWHV IDFLOLWDWH
DFFHVVLELOLW\DQGWHPSRUDODQGVSDWLDOVDPSOLQJZKLFKPLJKWEHFUXFLDODVP51$OHYHOV
DUHQDWXUDOO\IOXFWXDWLQJ
$OWKRXJK QR VWXGLHV KDYH EHHQ SHUIRUPHG WDUJHWLQJ WKH PHWDWUDQVFULSWRPH RI OHDQ DQG
REHVHLQGLYLGXDOV WKHKLJKOHYHOH[SUHVVLRQRI376HQFRGLQJJHQHVLQWKHVPDOO LQWHVWLQH
DQHQYLURQPHQWZKHUHVLPSOHVXJDUXSWDNHLVSDUDPRXQWWKHHQULFKPHQWRIWKHVDPHJHQHV
LQ PHWDJHQRPLF GDWDVHWV IURP WKH *, WUDFW RI REHVH LQGLYLGXDOV DQGRU W\SH  GLDEHWHV
SDWLHQWV  PLJKW LQGLFDWH D KLJKHU TXDQWLW\ RI SRO\VDFFKDULGHV UHDFKLQJ WKH ODUJH
LQWHVWLQHRIREHVHSDWLHQWVWKURXJKWKHGLHW1HYHUWKHOHVVYDOLGDWLQJWKLVWKURXJKDQP51$
EDVHV IXQFWLRQDO DQDO\VLVZRXOG XQGRXEWHGO\ EH FKDOOHQJLQJ DV IHFDOPHWDWUDQVFULSWRPLFV






0HWDSURWHRPLFV LV GHILQHG DV WKH ODUJHVFDOH FKDUDFWHUL]DWLRQ RI WKH HQWLUH SURWHLQ
FRPSOHPHQW RI DQ HQYLURQPHQW DW D JLYHQ SRLQW LQ WLPH DQG LW KROGV VHYHUDO EHQHILWV
RYHU PHWDWUDQVFULSWRPLF DSSURDFKHV 3URWHLQV DUH WKH DFWXDO FDWDO\VWV RI ELRFKHPLFDO
UHDFWLRQVDQGDV WKHKDOIOLIHD W\SLFDOEDFWHULDOSURWHLQ LVDERXW WZRRUGHUVRIPDJQLWXGH
ORQJHUWKDQWKDWRIP51$PRVWSURWHLQVSHUVLVWLQDEDFWHULDOFHOOORQJDIWHUP51$VWKDW
HQFRGHG WKHP KDYH EHHQ GHJUDGHG 7KHUHIRUH P51$ WUDQVFULSWV GR QRW QHFHVVDULO\
UHSUHVHQW WKH PLFURELDO IXQFWLRQ ZKLFK LV XOWLPDWHO\ PHGLDWHG E\ SURWHLQV +HQFH
SURWHRPHEDVHGDQDO\VHVFDQEHH[SHFWHGWRHYHQWXDOO\SURYLGHDEHWWHUDQGPRUHDFFXUDWH
YLHZRI WKH IXQFWLRQDOLW\RI WKH LQWHVWLQDOPLFURELRPH HVSHFLDOO\ZKHQ IHFDO VDPSOHV DUH
XVHGDVSUR[\WRGHVFULEHPLFURELRWDDFWLYLW\
,QLWLDO PHWDSURWHRPLFV DQDO\VLV RI IHFDO VDPSOHV HPSOR\HG WZRGLPHQVLRQDO JHO
HOHFWURSKRUHVLVWRKLJKOLJKWWKHWHPSRUDOGHYHORSPHQWRIJXWPLFURELDOSURWHLQVGXULQJWKH
ILUVW GD\V RI LQIDQW OLIH +RZHYHU FXUUHQW VWDQGDUG QRQJHOEDVHG PHWDSURWHRPLFV
H[SHULPHQWVW\SLFDOO\FRPSULVHRIIRXUEDVLFVWHSVVDPSOHSUHSDUDWLRQLQFOXGLQJSURWHLQ
H[WUDFWLRQ SXULILFDWLRQ DQG FRQFHQWUDWLRQ  SURWHLQ GHQDWXUDWLRQ DQG UHGXFWLRQ 
SURWHLQRUSHSWLGHVHSDUDWLRQHQ]\PDWLFGLJHVWLRQDQGPDVVVSHFWURPHWU\06DQDO\VLV
DQG  SURWHLQ LGHQWLILFDWLRQ EDVHG RQ WKH REWDLQHG06 DQGRU OLTXLG FKURPDWRJUDSK\±
0606 GDWD &RPPRQ KLJKWKURXJKSXW VSHFWUDO LQWHUSUHWDWLRQ DOJRULWKPV XVH SHSWLGH
VSHFWUXPPDWFKLQJWROLQNWKHUDZGDWDREWDLQHGIURPDPDVVVSHFWURPHWHUWRODUJHOLVWLQJV
RISHSWLGHV WKDWDUHSRVVLEO\UHSUHVHQWHG LQ WKHGDWD7KHJHQHUDWLRQRI WKHRUHWLFDOVSHFWUD
IURPSHSWLGHVSUHVHQWLQWKHGDWDEDVHDQGPDWFKLQJWKHPZLWKWKHREWDLQHGGDWDIRUPVWKH
EDVLV RI WKHVH DOJRULWKPV ,QRUGHU WRSURSHUO\ LGHQWLI\ WKH VSHFWUD RQH QHHGV WRNQRZ
YHU\ DFFXUDWHO\ ZKLFK SHSWLGHV RQH FDQ H[SHFW +RZHYHU WKH FRPSOH[ JXW PLFURELDO
SURWHRPH LV IDU IURP GHILQHG 2QH PHWKRG WR RYHUFRPH WKLV SUREOHP LV WR H[SORLW WKH
FXUUHQWGHYHORSPHQWVLQPHWDJHQRPLFV9HUEHUNPRHVHWDOSHUIRUPHGWKHILUVWODUJHVFDOH
LQYHVWLJDWLRQRI WKHKXPDQPLFURELDOPHWDSURWHRPHXVLQJ WKLVDSSURDFK UHYHDOLQJKLJKO\
DEXQGDQW SURWHLQV LQYROYHG LQ WUDQVODWLRQ DQG FDUERK\GUDWH DQG HQHUJ\ PHWDEROLVP
$QRWKHU LQWHUHVWLQJ REVHUYDWLRQZDV D FOHDU GLVFUHSDQF\ LQ WKH GLVWULEXWLRQ RI FOXVWHUV RI
RUWKRORJRXV JURXSV &2* FDWHJRULHV EHWZHHQ WKH PHWDSURWHRPH DQG WKH PHWDJHQRPH
HPSKDVL]LQJ WKH DGYDQWDJHV RI XVLQJ D PHWDSURWHRPLF RYHU D PHWDJHQRPLF DSSURDFK
DOWKRXJK LW KDV WR EH QRWHG WKDW WKHPHWDJHQRPH DQGPHWDSURWHRPHZHUH IURP GLIIHUHQW
LQGLYLGXDOV $OWKRXJK PHWDSURWHRPLFV VWLOO VXIIHUV IURP WKH OLPLWHG FRYHUDJH RI WKH
SUHVHQWGDWDEDVHVDQGDSRWHQWLDOO\KLJK IDOVHGLVFRYHU\UDWH WKHFDWDORJXHRIJHQHV IURP
LQWHVWLQDO RULJLQ LV UDSLGO\ LQFUHDVLQJ DQG UHFHQWO\ DQ LWHUDWLYH ZRUNIORZ EDVHG RQ D
V\QWKHWLFPHWDSURWHRPHZDVGHYHORSHG ,W LPSURYHG WKHQXPEHURI LGHQWLILHGSHSWLGHVE\
ate ʹ 

WZR IROG DW D IDOVH GLVFRYHU\ UDWH RI RQO\  7KLV KLJKO\ G\QDPLFZRUNIORZ DOORZV
FDSLWDOL]LQJ RQ WKH GHYHORSLQJ PHWDJHQRPLF GDWDEDVHV DQG ZDV XVHG WR VWXG\ WKH
FRPSRVLWLRQ DQG WHPSRUDO VWDELOLW\ RI WKH LQWHVWLQDO PHWDSURWHRPH IURP  LQGLYLGXDOV
UHYHDOLQJDVWDEOHFRPPRQIXQFWLRQDOFRUHWKDWLVPDLQO\LQYROYHGLQFDUERK\GUDWHWUDQVSRUW
DQGGHJUDGDWLRQ




RI XVLQJPXFLQ DV FDUERQ DQG QLWURJHQ VRXUFH $Q DQDO\VLV RI SURWHLQV DVVLJQHG WR$
PXFLQLSKLODIURPWKHPHWDSURWHRPHRIDVLQJOHVXEMHFWUHYHDOHGDVSHFLILF&2*GLVWULEXWLRQ
RI WKHSHSWLGHV$SDUW IURP WKHREYLRXV KRXVHNHHSLQJ IXQFWLRQV WKH ODUJHVW&2*JURXSV
LQFOXGHGSURWHLQVSUHGLFWHGWREHLQYROYHGLQFDUERK\GUDWHWUDQVSRUWDQGPHWDEROLVPDVZHOO





OHDQ DGROHVFHQW 7KH ³OHDQ´ DQG ³REHVH´PHWDJHQRPHVZHUH DVVLJQHG WR &2* SURWHLQ
IDPLOLHVDQG.(**SDWKZD\V\HWQHLWKHUSURILOHH[KLELWHGSURPLQHQWRYHUDOOGLIIHUHQFHV
7KH\DQDO\]HGWKHPHWDSURWHRPHDQGDOWKRXJKWKHLGHQWLILHGSURWHLQVRQO\FDSWXUHGDVPDOO
SRUWLRQRI WKHSUHGLFWHGFRGLQJFDSDFLW\RI WKH LQWHVWLQDOPLFURELRPH WKHPDMRULW\RI WKH
VSHFWUD FRXOG EH DVVLJQHG WR D WD[RQRPLF DQQRWDWLRQ DW SK\OXP OHYHO EDVHG RQ KLJKO\
VLPLODUKRPRORJXHVDOORZLQJWKHPWRHYDOXDWHWKHGLIIHUHQFHVEHWZHHQWKHFRQWULEXWLRQVRI
SDUWLFXODUJURXSVRIRUJDQLVPVDQGLGHQWLI\PHWDEROLFDOO\DFWLYHPHPEHUV7KLVOHGWRVRPH
UHPDUNDEOH REVHUYDWLRQV )RU H[DPSOH SURWHLQV IURP WKH µOHDQ¶ VDPSOH ZHUH PDLQO\
DVVLJQHGWR%DFWHURLGHWHVZKHUHDVWKLVSK\OXPUHSUHVHQWHGRQO\DERXWEDVHG
RQ6U51$JHQHVRIWKHWRWDOFRPPXQLW\ IROORZHGE\SURWHLQVDVVLJQHGWR)LUPLFXWHV
 DQG WR D PLQRU H[WHQW $FWLQREDFWHULD DQG 3URWHREDFWHULD DSSUR[LPDWHO\  LQ
WRWDO,QFRQWUDVW LQWKHµREHVH¶VDPSOHWKHPDMRUWD[RQDFFRXQWLQJIRUREVHUYHGSURWHLQV
ZDV WKH )LUPLFXWHV SK\OXP  LQ DJUHHPHQW ZLWK LWV GRPLQDQFH LQ WKH WRWDO EDFWHULD
 6 U51$ JHQH ,Q WXUQ WKH %DFWHURLGHWHV DFFRXQWHG IRU RQO\  RI WKH WRWDO
FRPPXQLW\ \HW WKHLU FRQWULEXWLRQ WR WKH WRWDOSURWHLQSRROZDV LQ WKHREHVH VXEMHFW
%DVHGRQ WKLVGDWD WKHDXWKRUVVXJJHVWHG WKDWPLQRUEDFWHULDO WD[DPD\SOD\DVLJQLILFDQW
DFWLYHUROH LQRYHUDOO*,PHWDEROLVPLQ µOHDQ¶DQG µREHVH¶ LQGLYLGXDOVZLWK%DFWHURLGHWHV
PHPEHUVSRVVLEO\SOD\LQJDPDMRUDFWLYHUROHLQERWKµOHDQ¶U51$JHQHSURWHLQDEXQGDQFH
UDWLR RI  DQG µREHVH¶ U51$ JHQHSURWHLQ DEXQGDQFH UDWLR RI  *, WUDFWV
&RQYHUVHO\ WKLV KLJK %DFWHURLGHWHV DFWLYLW\ ZDV QRW FRQILUPHG E\ .ROPHGHU HW DO ZKR
UHSRUWHG WKDW WKHPDMRULW\RIDVVLJQHGSURWHLQVEHORQJHGWR WKHSK\OXP)LUPLFXWHV
2olela eoloial tool to deie te ole o o ioial a in oeit 

ZKLFKKDGDQDYHUDJHDEXQGDQFHRIDVEDVHGRQ6U51$JHQHWDUJHWHGPLFURDUUD\
DQDO\VLV ,Q FRQWUDVW WKH KLJK SURSRUWLRQ  RI SHSWLGHV IURP$FWLQREDFWHULD GLIIHUHG
IURPWKHSK\ORJHQHWLFDQDO\VLVRQO\7KHUHODWLYHVKDUHRI%DFWHURLGHWHVZDVORZHU
LQWKHSHSWLGHWKDQLQ6U51$GDWD$ERXWRIWKHSHSWLGHVZLWKDWOHDVW
D SK\OXPDVVLJQPHQW FRXOGEH DWWULEXWHG WR WKH3URWHREDFWHULDZKLFKZDV DSSUR[LPDWHO\
IROGORZHUWKDQWKHLUDEXQGDQFH6RDOWKRXJKWKHFRPSRVLWLRQDOGDWDZDVREWDLQHG
XVLQJ YHU\ GLIIHUHQW DSSURDFKHV FORQH OLEUDULHV DQG D SK\ORJHQHWLF PLFURDUUD\
UHVSHFWLYHO\ XVLQJ GLIIHUHQW SURWHLQ H[WUDFWLRQ SURWRFROV ZKLFK FRXOG RIIHU SRWHQWLDO
H[SODQDWLRQV IRU WKHPDMRUGLIIHUHQFHVIRXQGEHWZHHQERWK VWXGLHVDQGHPSOR\LQJRQO\D
YHU\ VPDOO QXPEHU RI VDPSOHV WKHVH VWXGLHV SURYLGH IXQFWLRQDO HYLGHQFH WKDW YDULDEOH
FRPELQDWLRQV RI VSHFLHV ZLWK D UHODWLYHO\ VWDEOH FRPPXQLW\ JHQH UHSHUWRLUH FRXOG
SUHVXPSWLYHO\ IXOILO RYHUODSSLQJ DQGRU FRPSOHPHQWDU\ IXQFWLRQDO UROHV UHTXLUHG E\ WKH
KRVW,QWKLVVFHQDULRPLQRUEDFWHULDOWD[DFDQVWLOOEHVLJQLILFDQWO\DFWLYHFRQWULEXWRUV
0HWDSURWHRPLFV FRPSDUHG WR RWKHU IXQFWLRQDO JHQRPLFV DSSURDFKHV VXFK DV
PHWDWUDQVFULSWRPLFVKDVWKHDGYDQWDJHWKDWDFWXDODQGVWDEOHJHQHSURGXFWVFDQEHVWXGLHG
$OWKRXJK PHWDSURWHRPLF DSSURDFKHV LQ WKH KXPDQ JDVWURLQWHVWLQDO PLFURELRPH ILHOG DUH
IDFHGZLWKVHYHUDOFKDOOHQJHVDQGWKHUHIRUHDUHVWLOOLQDSLRQHHULQJSKDVHWKH\SURPLVHWR
EH LQFUHDVLQJO\ FRPSUHKHQVLYH EHFDXVH RI WKH H[SRQHQWLDO SURJUHVV LQ WKH JHQHUDWLRQ RI










ORZ %DFWHURLGHWHV LQGHSHQGHQW RI REHVLW\ PDLQO\ LQ PLFH EXW DOVR KXPDQV $
UHFHQW VWXG\ LQ UDWV DFWXDOO\ LPSOLHV ELOH DFLGV WKH VHFUHWLRQ RI ZKLFK LV HQKDQFHG WR
IDFLOLWDWH OLSLGGLJHVWLRQDVD IDFWRU WKDWPRGXODWHV WKH*,PLFURELDOFRPSRVLWLRQ WRZDUGV
WKH DERYHPHQWLRQHG SURSRVHG REHVRJHQLF PLFURELRPH $OWKRXJK WKH GHEDWH RQ D
FRUUHODWLRQEHWZHHQWKH%)UDWLRDQG%0,LVVWLOORQJRLQJLWKDVEHHQVXJJHVWHGWKDWWKLV








ELRFKHPLFDO YDULDEOHV LQVXOLQ UHVLVWDQFH K\SHULQVXOLQDHPLD K\SHUOLSLGDHPLD GHFUHDVHG
+'/FKROHVWHURODQGPDUNHUVRIORZJUDGHLQIODPPDWLRQ7KHUHVXOWVKDYHEHHQSURPLVLQJ
DQGDQ2$0'DVVRFLDWHGPLFURELRPHQRZVHHPVWREHFKDUDFWHUL]HGE\DORZHUPLFURELDO
GLYHUVLW\   RU JHQHVSHFLHV ULFKQHVV   WKH ODWWHU EHLQJ FRQILUPHG E\ ERWK




  WKH 2$0' DVVRFLDWHG PLFURELRPH KDV EHHQ VKRZQ WR EH HQULFKHG IRU JHQHV
HQFRGLQJ SURWHLQV LQYROYHG LQ PHPEUDQH WUDQVSRUW RI VXJDUV   [HQRELRWLFV
GHJUDGDWLRQDQGPHWDEROLVPDQGIXQFWLRQVUHODWHGWRJXWR[LGDWLYHVWUHVVUHVSRQVHV





KRPRJHQRXV VXESRSXODWLRQV DQG WHFKQRORJLFDO DGYDQFHV KDYH DOORZHG IRU YHU\ GHHS
LQWHUURJDWLRQ RI WKH *, WUDFW PLFURELRPH ZLWK PDQ\ PRUH VXEMHFWV WKDQ SUHYLRXVO\
SRVVLEOHDPRUHFRQVLVWHQWSLFWXUHVHHPVWRHPHUJH$OOLQDOOWKHUHVXOWVIURP6U51$
JHQH WDUJHWHG FRPSRVLWLRQDO DQDO\VHV PHWDJHQRPHEDVHG SURILOLQJ WKURXJK UHIHUHQFH
JHQRPH PDSSLQJ DQG IXQFWLRQ DQDO\VLV RI PHWDJHQRPLF GDWD VXJJHVW WKDW DQ 2$0'
DVVRFLDWHGPLFURELRPHFDQEHFKDUDFWHUL]HGE\DSRWHQWLDOSURLQIODPPDWRU\FRPSRVLWLRQ
ZLWK OHVV SRWHQWLDO IRU WKHSURGXFWLRQRI6&)$VDQGEXW\UDWH LQSDUWLFXODU$OWKRXJK WKLV
OLQNEHWZHHQ6&)$SURGXFLQJVSHFLHV KDVEHHQSURSRVHG LQPDQ\FRPSRVLWLRQDO VWXGLHV
FRXSOLQJ6U51$EDVHGGDWDWRDFWXDOPLFURELDOIXQFWLRQLVGLIILFXOWGXHWRWKHIXQFWLRQDO
RYHUODSLQPHWDEROLVPEHWZHHQGLIIHUHQWJURXSVRIPLFURRUJDQLVPV7RJHWKHUZLWKWKHIDFW
WKDWD YHU\ ODUJH IUDFWLRQRI WKH UHDGV LQPHWDJHQRPLFGDWDVHWVDUH VWLOO XQDVVLJQDEOH WRD
NQRZQJHQRPHWKHLVVXHRIDFWXDOELRPDUNHURUJDQLVPVLVERXQGWRUHPDLQFRQWURYHUVLDO
6RIRUDPRUHWKRURXJKXQGHUVWDQGLQJRIWKHSRWHQWLDOLPSDFWRIWKHVHXQNQRZQVSHFLHVRQ
KRVW PHWDEROLVP GDWDEDVHV ZLWK D EHWWHU FRYHUDJH DUH QHHGHG ZKLFK LV FXUUHQWO\ EHLQJ
IDFLOLWDWHG E\ WKH FRPSOHWLRQ RI RQJRLQJ UHIHUHQFH JHQRPH VHTXHQFLQJ SURMHFWV IRU *,
DVVRFLDWHGEDFWHULDOVSHFLHV
$OWKRXJK WKH DIRUHPHQWLRQHG IHDWXUHV RI DQ2$0' DVVRFLDWHGPLFURELRPH LOOXVWUDWH WKH
SRWHQWLDORIDFRQVHQVXVRQWKLVSDUDGLJPWKH\UHPDLQFRUUHODWLYHDQGQRWFDXVDWLYH7KLVLV
KLJKOLJKWHGE\REVHUYDWLRQVIURPWKHVFDUFHIXQFWLRQDODQDO\VHVWKDWLQYHVWLJDWHGWKHDFWXDO
PHWDEROLFDOO\ DFWLYH PHPEHUV RI WKH IHFDO PLFURELRPH 7KHVH GHPRQVWUDWH WKDW PLQRU
2olela eoloial tool to deie te ole o o ioial a in oeit 

EDFWHULDO WD[D FDQ VWLOO EH VLJQLILFDQWO\ DFWLYH FRQWULEXWRUV DQG YLFH YHUVD FUHDWLQJ
DZDUHQHVVWKDWFRPSRVLWLRQDOSURILOLQJDQGPHWDJHQRPLFVVWXGLHVPLJKWQRWSURYLGHWKHIXOO
SLFWXUH DQG HYHQ WKRXJK LW UHPDLQV RXWVLGH WKH VFRSH RI WKLV UHYLHZ PHWDERORPLFV
FRPSULVHVDQRWKHUFRPSOHPHQWDU\ WRRO WKDWFRXOGEHXVHG WRYDOLGDWHPHWDEROLFSDWKZD\
EDVHG SUHGLFWLRQV     7KHUHIRUH WR JDLQ PRUH LQVLJKW LQ WKH G\QDPLFV DQG
PHFKDQLVPVXQGHUO\LQJWKHUROHRIWKHPLFURELRPHLQWKHPDLQWHQDQFHRUGHYHORSPHQWRI
2$0' DQG WR VWXG\ FDXVDWLRQ DV ZHOO DV FRUUHODWLRQ VHYHUDO IDFWRUV DUH RI SDUDPRXQW
LPSRUWDQFHDPXOWLSHUVSHFWLYHVDSSURDFKWKDWWDUJHWVERWKFRPSRVLWLRQDQGIXQFWLRQWR
UHYHDO WKH DFWXDO DFWLYH SOD\HUV DQG  ZHOO GHILQHG KXPDQ FRKRUWV IROORZHG
















0HWKRGV :LWKLQ WKH .2$/$ %LUWK &RKRUW 6WXG\ IDHFDO VDPSOHV ZHUH FROOHFWHG DQG
KHLJKWDQGZHLJKWZHUHPHDVXUHGDWDJH\HDUV)DHFDOPLFURELRWDFRPSRVLWLRQRI
FKLOGUHQZDV GHWHUPLQHG XVLQJ WKH+XPDQ ,QWHVWLQDO7UDFW&KLS(ODVWLF QHWZDV XVHG WR
VHOHFW JHQXVOLNH EDFWHULDO JURXSV DPRQJVW D WRWDO RI  UHODWHG WR DQWKURSRPHWULF
RXWFRPHV DJH DQG VH[ VWDQGDUGL]HG ZHLJKW DQG %0, ]VFRUHV RYHUZHLJKW GHILQHG DV
%0,WK SHUFHQWLOH 0XOWLSOH OLQHDU DQG ORJLVWLF UHJUHVVLRQ ZHUH XVHG WR DVVRFLDWH
VHOHFWHGEDFWHULDOJURXSVZLWKDQWKURSRPHWULFRXWFRPHVZKLOHDGMXVWLQJIRUFRQIRXQGHUV
5HVXOWV 3UHYRWHOOD PHODQLQRJHQLFD HW UHO 3UHYRWHOOD RUDOLV HW UHO 'LDOLVWHU DQG
XQFXOWXUHG &ORVWULGLDOHV ,, 8&,, DFFRXQWHG IRU  RI WKH YDULDWLRQ LQ PLFURELRWD
FRPSRVLWLRQ7KHIROORZLQJEDFWHULDOJURXSVZHUHLQYHUVHO\DVVRFLDWHGZLWKDQWKURSRPHWULF
RXWFRPHV$NNHUPDQVLDS IRU%0,S IRUZHLJKW6XWWHUHOODZDGVZRUWKLDHW
UHOS IRU%0,S IRURYHUZHLJKW%U\DQWHOODIRUPDWH[LJHQVHWUHOS 
IRUZHLJKWS IRURYHUZHLJKWDQG%XUNKROGHULDS IRUZHLJKW6WUHSWRFRFFXV
ERYLVHWUHOZDVSRVLWLYHO\DVVRFLDWHGZLWKRYHUZHLJKWS $PRQJELPRGDOEDFWHULDO
JURXSVKLJKDEXQGDQFHRI8&,,ZDV LQYHUVHO\DVVRFLDWHGZLWKDOO WKUHHRXWFRPHVDGME 
 &,  WR  IRU %0, DQG ZHLJKW DGM25  &,  WR  IRU
RYHUZHLJKW+LJKDEXQGDQFHVRI3UHYRWHOODPHODQRJHQLFDHW UHODQG3UHYRWHOODRUDOLVHW
UHO ZHUH LQYHUVHO\ DVVRFLDWHG ZLWK RYHUZHLJKW DGM25  &,  WR  DQG
DGM25  &,  WR  UHVSHFWLYHO\ 0LFURELDO GLYHUVLW\ DQG ULFKQHVV DQG
%DFWHURLGHWHV)LUPLFXWHVUDWLRZHUHQRWVLJQLILFDQWO\DVVRFLDWHGZLWKDQ\RIWKHRXWFRPHV
&RQFOXVLRQV,QWKHODUJHVWSRSXODWLRQEDVHGVWXG\RQFKLOGKRRGJXWPLFURELRWDDQGERG\


















DQG DUH DW KLJK ULVN RI GHYHORSLQJ FRPRUELGLWLHV VXFK DV FDUGLRYDVFXODU GLVHDVHV W\SH 
GLDEHWHVVWURNHPHWDEROLFV\QGURPHVHYHUDOW\SHVRIFDQFHUDQGRVWHRDUWKULWLV$VVXFK
WKHSUHYHQWLRQDQG WUHDWPHQWRIFKLOGKRRGRYHUZHLJKW UHPDLQVDQ LPSRUWDQWSXEOLFKHDOWK
JRDO
:KLOH H[FHVVLYH HQHUJ\ LQWDNH DQG LQVXIILFLHQW SK\VLFDO DFWLYLW\ DUH WKH PDLQ GULYHUV RI
FKLOGKRRGRYHUZHLJKWDQGREHVLW\UHFHQWUHVHDUFKKDVVXJJHVWHGWKDWRWKHUIDFWRUVVXFKDV
WKH JXW PLFURELRWD PD\ DOVR EH LQYROYHG 7KH JXW PLFURELRWD LV KLJKO\ GLYHUVH LQ
FRPSRVLWLRQDQGSOD\VDQ LPSRUWDQW UROH LQKXPDQSK\VLRORJ\PHWDEROLVPQXWULWLRQDQG
LPPXQH IXQFWLRQ  (YLGHQFH IURP KXPDQ DQG DQLPDO VWXGLHV VXJJHVWV WKDW WKH JXW
PLFURELRWD PD\ FRQWULEXWH WR WKH GHYHORSPHQW RI RYHUZHLJKW YLD PHFKDQLVPV LQYROYLQJ
LQFUHDVHG HQHUJ\ KDUYHVW UHJXODWLRQ RI KRVWPHWDEROLVP DQG WKH DFWLYDWLRQ RI LQQDWH
LPPXQLW\  ,Q KXPDQV REHVLW\ KDV EHHQ DVVRFLDWHGZLWK D UHGXFHG%DFWHURLGHWHV WR
)LUPLFXWHV%)UDWLRLQVRPHVWXGLHVZKHUHDVRWKHUVUHSRUWHGWKHRSSRVLWH
  RU QR DVVRFLDWLRQ DW DOO   $VVRFLDWLRQV EHWZHHQ VSHFLILF EDFWHULD HJ
%DFWHURLGHV IUDJLOLV %LILGREDFWHULXP VSS 6WDSK\ORFRFFXV VSS $NNHUPDQVLD
PXFLQLSKLOD DQG)DHFDOLEDFWHULXP SUDXVQLW]LL RU $UFKDHD HJ0HWKDQREUHYLEDFWHU
VPLWKLLDQGREHVLW\LQKXPDQVKDYHDOVREHHQUHSRUWHGDOWKRXJKWKHLGHQWLILHGPLFURELDO
JURXSVYDU\JUHDWO\EHWZHHQVWXGLHV)XUWKHUPRUHDORZHUJXWPLFURELDOVSHFLHVDQGJHQH
ULFKQHVV DQG GLYHUVLW\ LQ RYHUZHLJKW DV FRPSDUHG WR QRUPDO ZHLJKW VXEMHFWV KDV EHHQ
VKRZQLQVHYHUDOEXWQRWDOOVWXGLHV
7KHVH LQFRQVLVWHQW ILQGLQJVPLJKW EH DWWULEXWDEOH WR WKH XVH RIPLVFHOODQHRXVPHWKRGV WR
DVVHVV WKH JXW PLFURELRWD RIWHQ HQXPHUDWLQJ VSHFLILF WD[D UDWKHU WKDQ XVLQJ EURDG 6




DV OLIHVW\OH DQGGLHW ,Q KXPDQREVHUYDWLRQDO VWXGLHV FDUHIXOO\ FRQWUROOHGGDWD DQDO\VLV LV
HVVHQWLDO 3HUWXUEDWLRQV LQ PLFURELDO GLYHUVLW\ DQG FRPPXQLW\ VWUXFWXUH LQ DGXOWV ZLWK
RYHUZHLJKW DQG REHVLW\ PD\ EH SDUWO\ GXH WR ORQJWHUP GLHWDU\ KDELWV RU SK\VLRORJLFDO
FKDQJHVLQWKHVHVXEMHFWV$VVXFKH[SORULQJWKHDVVRFLDWLRQEHWZHHQWKHJXWPLFURELRWD
DQGYDULDWLRQLQ%0,DQGZHLJKWLQHDUO\OLIHSULRUWRRUFORVHWRWKHRQVHWRIRYHUZHLJKW






1HWKHUODQGV7KH GHVLJQ RI WKH.2$/$ VWXG\ KDV EHHQ GHVFULEHG LQ GHWDLO HOVHZKHUH
%ULHIO\ D WRWDO RI  SUHJQDQW ZRPHQ ZHUH UHFUXLWHG DW ZHHNV RI JHVWDWLRQ IURP
2FWREHUXQWLO'HFHPEHU+HDOWK\SUHJQDQWZRPHQZLWKDFRQYHQWLRQDOOLIHVW\OH
1  ZHUH UHFUXLWHG IURP DQ RQJRLQJ FRKRUW VWXG\ RQ WKH DHWLRORJ\ RI SUHJQDQF\
UHODWHG SHOYLF JLUGOH SDLQ LQ WKH 1HWKHUODQGV 7R HQKDQFH WKH FRQWUDVW LQ OLIHVW\OH
FKDUDFWHULVWLFVDQDGGLWLRQDOSUHJQDQWZRPHQZLWKDOWHUQDWLYHOLIHVW\OHVZLWKUHJDUGVWR
GLHWDU\KDELWVRUJDQLFIRRGFKRLFHFKLOGUHDULQJSUDFWLFHVYDFFLQDWLRQVFKHPHVDQGRUXVH
RI DQWLELRWLFV ZHUH UHFUXLWHG WKURXJK RUJDQLF IRRG VKRSV DQWKURSRVRSKLVW GRFWRUV DQG
PLGZLYHV6WHLQHUVFKRROVDQGGHGLFDWHGPDJD]LQHV
$ VXEJURXS RI  SDUHQWV ZDV DVNHG IRU FRQVHQW IRU D KRPH YLVLW IRU DQWKURSRPHWULF
PHDVXUHPHQWVDQGWRFROOHFWDVLQJOHIDHFDOVDPSOHIURPWKHFKLOGDWWKHDJHRI\HDUV
7KLVVXEJURXSFRPSULVHGRISDUWLFLSDQWVZKRKDGKRPHYLVLWVIRUEORRGFROOHFWLRQIURPWKH
PRWKHU GXULQJ SUHJQDQF\ DQGRU WKH FKLOG DW DJH  \HDUV DQG ZKR ZHUH VWLOO DFWLYH
SDUWLFLSDQWV 6XSSOHPHQWDU\)LJXUH)DHFDO VDPSOHVZHUHREWDLQHG IRUQ FKLOGUHQ
([FOXVLRQFULWHULDIRUWKHFXUUHQWVWXG\ZHUHSUHPDWXULW\LQIDQWVERUQEHIRUHZHHNVRI











)DHFDO VDPSOHV RI WKH FKLOGUHQ ZHUH FROOHFWHG E\ WKH SDUHQWV DW KRPH XSRQ UHFHLSW RI D
IDHFHVWXEHZLWKDVSRRQDWWDFKHGWRWKHOLG6DUVWHGW1UPEUHFKW*HUPDQ\WRJHWKHUZLWK
LQVWUXFWLRQVIRUFROOHFWLRQ$IDHFDOVDPSOHZDVFROOHFWHGDQGVHQWWRWKHODERUDWRU\E\PDLO
$IWHU DUULYDO VDPSOHVZHUHIROGGLOXWHG LQSHSWRQHZDWHU 2[RLG&0FRQWDLQLQJ




ZDV LVRODWHG XVLQJ D FRPELQDWLRQ RI 5HSHDWHG%HDG%HDWLQJ 5%% DQG FROXPQ
SXULILFDWLRQ '1$ FRQFHQWUDWLRQ DQG SXULW\ ZHUH DVVHVVHG ZLWK D 1DQRGURS 
VSHFWURSKRWRPHWHU7KHUPR)LVKHU6FLHQWLILF:LOPLQJWRQ86$'1$ZDVWKHQVWRUHGDW
R&SHQGLQJPLFURELDODQDO\VLVZKLFKZDVSHUIRUPHGXVLQJDSUHYLRXVO\GHVFULEHGDQG
EHQFKPDUNHG  FXVWRPPDGHSK\ORJHQHWLFPLFURDUUD\ WKH+XPDQ,QWHVWLQDO7UDFW
&KLS +,7&KLS$IWHU'1$ H[WUDFWLRQ WKH IXOOOHQJWK 6 U51$JHQHZDV DPSOLILHG
IROORZHG E\ LQ YLWUR WUDQVFULSWLRQ DQG ODEHOOLQJ RI WKH UHVXOWDQW 51$ZLWK&\ DQG &\
EHIRUH K\EULGL]DWLRQ WR WKH DUUD\(DFK VDPSOH ZDV K\EULGL]HG DW OHDVW WZLFH WR HQVXUH
UHSURGXFLELOLW\ DQG UDZ VLJQDO LQWHQVLWLHV ZHUH QRUPDOLVHG DV SUHYLRXVO\ GHVFULEHG)RU
WKH GDWD DQDO\VLV K\EULGL]DWLRQ VLJQDOVZHUH VXPPDUL]HG WR  JHQXVOLNH SK\ORJHQHWLF
JURXSV!6U51$JHQHVHTXHQFHVLPLODULW\UHIHUUHGWRDVVSHFLHVDQGUHODWLYHVµHW
UHO¶7KH ORJWUDQVIRUPHGVLJQDOVZHUHXVHGDVDSUR[\IRUEDFWHULDODEXQGDQFH%)
UDWLRZDV FDOFXODWHGE\GLYLGLQJ WRWDOK\EULGLVDWLRQVLJQDO LQWHQVLWLHV IRU%DFWHURLGHWHVE\
)LUPLFXWHV 'LYHUVLW\ RI WKH PLFURELRWD ZDV TXDQWLILHG XVLQJ 6KDQQRQ¶V GLYHUVLW\ LQGH[
EDVHG RQ QRQORJDULWKPLF ROLJROHYHO VLJQDOV DV LPSOHPHQWHG E\ WKH 5 SDFNDJH




RI  \HDUV ZLWK WKH FKLOGUHQZHDULQJ RQO\ WKHLU XQGHUZHDU +HLJKW LQPLOOLPHWUHV ZDV
PHDVXUHG XVLQJ D SRUWDEOH VWDGLRPHWHU /HLFHVWHU KHLJKW PHDVXUH DQG ZHLJKW LQ JUDPV
URXQGHGRII WRJXVLQJDGLJLWDOVFDOH +(&$6&RUS(DVW5XWKHUIRUG1-86$
%0, ZDV FDOFXODWHG DV ZHLJKW GLYLGHG E\ KHLJKW VTXDUHG 7KH %0, ZHLJKW DQG KHLJKW
PHDVXUHPHQWVZHUH WKHQFRQYHUWHG LQWRDJHDQGJHQGHUVSHFLILF]VFRUHVXVLQJ WKHFKLOGUHQ
IURPWKH'XWFK1DWLRQDO*URZWK6WXG\DVWKHUHIHUHQFHSRSXODWLRQ%0,]VFRUHVZHUHXVHG





$W  DQG  ZHHNV RI JHVWDWLRQ SUHJQDQW ZRPHQ UHFHLYHG TXHVWLRQQDLUHV UHJDUGLQJ
DPRQJVW RWKHUV IDPLO\ VL]H SUHSUHJQDQF\ KHLJKW DQG ZHLJKW DQG ZHLJKW JDLQ GXULQJ
SUHJQDQF\ 7ZR ZHHNV DIWHU FKLOGELUWK GDWD ZDV FROOHFWHG IURP REVWHWULF UHSRUWV DQG
TXHVWLRQQDLUHV ZHUH FRPSOHWHG E\ WKH PRWKHUV WR REWDLQ LQIRUPDWLRQ RQ JHVWDWLRQDO DJH
ELUWKZHLJKWDQGJHQGHURIWKHFKLOG)RRGIUHTXHQF\TXHVWLRQQDLUHV))4VZHUHILOOHGRXW
E\ WKH SDUHQWV WR UHSRUW WKH GLHWDU\ KDELWV RI WKHLU FKLOGUHQ DW WKH DJH RI  \HDUV




DQG SURSRUWLRQV IRU FDWHJRULFDO YDULDEOHV 7KH PLFURELRWD SURILOH VXPPDUL]HG LQWR 
JHQXVOLNH SK\ORJHQHWLF JURXSV ZDV REWDLQHG IRU WKH  VXEMHFWV 8VLQJ WKH VWDWLVWLFDO
VRIWZDUH SDFNDJH &DQRFR  UHGXQGDQF\ DQDO\VLV 5'$ D PXOWLYDULDWH FDQRQLFDO
RUGLQDWLRQ DQDO\VLV PHWKRG ZDV SHUIRUPHG WR GHWHUPLQH KRZ PXFK YDULDWLRQ LQ VSHFLHV
FRPSRVLWLRQZDVH[SODLQHGE\WKHDQWKURSRPHWULFRXWFRPHVDQGSRWHQWLDOFRQIRXQGHUV
6HOHFWLRQRISRWHQWLDOO\UHOHYDQWEDFWHULDOJURXSV












RQ D VFDOH RI  IRU V DV SUHYLRXVO\ VXJJHVWHG 7KH PRVW SDUVLPRQLRXV PRGHO ZDV
REWDLQHGXVLQJWKHFRPELQDWLRQRIWKHWZRWXQLQJSDUDPHWHUVFRUUHVSRQGLQJWRWKHVPDOOHVW
PHDQVTXDUHGSUHGLFWLRQHUURUEDVHGRQWKHFURVVYDOLGDWLRQVSHUIRUPHGRQWKHWUDLQLQJVHW




,Q DGGLWLRQZHD SULRUL SODQQHG WR H[DPLQH WKH DVVRFLDWLRQ EHWZHHQ EDFWHULDO JURXSV WKDW
H[KLELWHG D VWURQJ ELPRGDO DEXQGDQFH GLVWULEXWLRQ FDOFXODWHG XVLQJ SRWHQWLDO DQDO\VLV
3
t ioiota and od eit in ealt oolǦaed ildenǣ e  it oot td 

ZLWK WKH HDUO\ ZDUQLQJV 5 SDFNDJH DQG DQWKURSRPHWULF RXWFRPHV 7KHVH ELPRGDO
EDFWHULDOJURXSVZHUHSUHYLRXVO\GHVFULEHG/DKWLHWDODVSRWHQWLDOWLSSLQJHOHPHQWVLQWKH
HFRV\VWHP DQG PLJKW VHUYH DV LQGLFDWRUV RI WKH FRPPXQLW\ VWDWH DQG LWV OLQN ZLWK




WKH DVVRFLDWLRQ RI HDFK LQGLYLGXDO VHOHFWHG JHQXVOLNH EDFWHULDO JURXS DV LGHQWLILHG E\
HODVWLFQHWELPRGDOEDFWHULDOJURXSVWLSSLQJHOHPHQWVPLFURELDO ULFKQHVVDQGGLYHUVLW\
DQG%)UDWLRZLWK WKHRXWFRPHVOLQHDU UHJUHVVLRQ IRU%0,DQGZHLJKW]VFRUHV ORJLVWLF
UHJUHVVLRQIRURYHUZHLJKW\HVQR
6HFRQG ZH SHUIRUPHG WKH VDPH DQDO\VHV ZKLOH DGMXVWLQJ IRU SRWHQWLDO FRQIRXQGHUV
FRQVLGHUHG D SULRUL 0RGHO  :H LQYHVWLJDWHG ZKHWKHU WKH DVVRFLDWLRQ EHWZHHQ WKH
LQWHVWLQDO PLFURELRWD FRPSRVLWLRQ DQG RXWFRPHV GLIIHUHG EHWZHHQ WKH WZR GLIIHUHQW
UHFUXLWPHQW FKDQQHOV DOWHUQDWLYH DQG FRQYHQWLRQDO E\ LQFOXGLQJ D UHFUXLWPHQW JURXS
H[SRVXUHLQWHUDFWLRQWHUPLQWKHPRGHOV7KLVLQWHUDFWLRQZDVVLJQLILFDQWRQO\IRU%)UDWLR
ZLWKUHJDUGVWR%0,DQGZHLJKW]VFRUHVGDWDQRWVKRZQ
)LQDOO\ZHSHUIRUPHGPXOWLSOH UHJUHVVLRQPRGHOV LQFOXGLQJ DOO VHOHFWHGEDFWHULDO JURXSV
WKHELPRGDOEDFWHULDOJURXSVDQG$UFKDHD0VPLWKLL\HVQRDQG0VWDGWPDQDH\HVQR
ZKLOH DGMXVWLQJ IRU WKHSRWHQWLDO FRQIRXQGHUV 0RGHO $UFKDHDZHUH DGGHGEHFDXVH LQ
RXU SUHYLRXV VWXG\ WKH SUHVHQFH RI $UFKDHD VSHFLILFDOO\0HWKDQREUHYLEDFWHU VPLWKLL
ZDVDVVRFLDWHGZLWKFKLOGKRRGZHLJKWGHYHORSPHQW
0DWHUQDO ZHLJKW JDLQ GXULQJ SUHJQDQF\ ZDV WKH RQO\ FRQIRXQGLQJ YDULDEOH ZLWK 
PLVVLQJYDOXHV0XOWLSOHLPSXWDWLRQVZHUHGRQHIRUWKLVYDULDEOHWRDVVHVVZKHWKHUUHVXOWV
REWDLQHG IURP WKH LPSXWHGGDWDGHYLDWHG IURP WKHQRQLPSXWHG7KLVZDVGRQHXVLQJ WKH
0DUNRY FKDLQ0RQWH &DUOR 0&0&PHWKRG IRUPXOWLSOH LPSXWDWLRQV 5HVXOWV REWDLQHG
IURPFRPELQHG LPSXWHGGDWDVHWV Q ZHUHFRPSDUDEOHZLWK WKRVHRI WKHRULJLQDO QRQ
LPSXWHGGDWDKHQFHILQDODQDO\VHVZHUHGRQHZLWKRXWLPSXWDWLRQ$QDO\VHVZHUHSHUIRUPHG
















7KH JXWPLFURELRWD RI WKH FKLOGUHQZDV GRPLQDWHG E\3UHYRWHOODPHODQLQRJHQLFD HW UHO
%DFWHURLGHVYXOJDWXVHW UHO5XPLQRFRFFXVREHXPHW UHO)DHFDOLEDFWHULXPSUDXVQLW]LL HW
UHO DQG%LILGREDFWHULXP )LJXUH 5'$ZDV SHUIRUPHG WR H[SORUHZKDW SHUFHQWDJH RI
YDULDELOLW\RI JXWPLFURELRWDFRPSRVLWLRQZDVH[SODLQHGE\ WKHDQWKURSRPHWULFPHDVXUHV
7KH SHUFHQWDJH RI YDULDELOLW\ H[SODLQHG E\ HDFK DQWKURSRPHWULF PHDVXUH XQGHU
FRQVLGHUDWLRQZDVYHU\ORZS S DQGS E\%0,]
VFRUHVZHLJKW]VFRUHVDQGRYHUZHLJKWUHVSHFWLYHO\GDWDQRWVKRZQ:HREVHUYHGVWURQJ
RUPRGHUDWH ERRWVWUDS VXSSRUW IRU D ELPRGDO GLVWULEXWLRQ LQ WKH DEXQGDQFH RI3UHYRWHOOD
PHODQLQRJHQLFDHW UHO3UHYRWHOODRUDOLVHW UHO'LDOLVWHUDQGXQFXOWXUHG&ORVWULGLDOHV ,,
8&,, EXW QRW IRU %DFWHULRGHV IUDJLOLV HW UHO DQG XQFXOWXUHG&ORVWULGLDOHV , 8&, $
GLVWULEXWLRQSORWIRUHDFKRIWKHEDFWHULDOJURXSVH[KLELWLQJELPRGDOLW\FODVVLILHGDVORZRU
KLJK DQG WKHLU FXWRII RU WLSSLQJ SRLQWV DUH LOOXVWUDWHG LQ 6XSSOHPHQWDU\ )LJXUH  7KH

























Pre v otella melaninogenica HWUHO





Q  FRORXUHG E\ KLJK EODFN GRWV DQG ORZ JUH\ GRWV DEXQGDQFH RI'LDOLVWHU OHIW SDQHO DQG3UHYRWHOODPHODQLQRJHQLFD
ULJKWSDQHO2YHUZHLJKWLQGLYLGXDOVDUHUHSUHVHQWHGDVVTXDUHV7KHGLUHFWLRQRIWKHDUURZVGHSLFWVWKHDEXQGDQFHRIWKHELPRGDO
EDFWHULDOJURXSVDVZHOODVWKHLUFRFRUUHODWLQJJURXSV/HQJWKRIWKHDUURZVLVDPHDVXUHRIILWIRUWKHVSHFLHV
&RQVLGHULQJ WKH ELPRGDO EDFWHULDO JURXSV D KLJK DEXQGDQFH RI 8&,, ZDV LQYHUVHO\
DVVRFLDWHGZLWK%0,DQGZHLJKW]VFRUHDGME&,WRIRUERWK7DEOH
 DQG RYHUZHLJKW DGM25  &,  WR  7DEOH  LQ WKH DGMXVWHG DQDO\VLV
+LJKHU DEXQGDQFHVRI3UHYRWHOODPHODQRJLQLFDHW UHO DGM25 &, WR
DQG3UHYRWHOODRUDOLVHW UHO DGM25&, WRZHUH LQYHUVHO\DVVRFLDWHG
ZLWKRYHUZHLJKW7DEOH5HJDUGLQJPLFURELDOULFKQHVVGLYHUVLW\DQG%)UDWLRZHRQO\
IRXQG D ERUGHUOLQH VLJQLILFDQW LQYHUVH DVVRFLDWLRQ EHWZHHQ PLFURELDO GLYHUVLW\ DQG
RYHUZHLJKW LQ WKH XQDGMXVWHG OLQHDU UHJUHVVLRQ PRGHO 2YHUDOO PLFURELDO ULFKQHVV DQG
GLYHUVLW\ DQG %) UDWLR DSSHDUHG QRW EH DVVRFLDWHG ZLWK DQWKURSRPHWULF RXWFRPHV LQ WKH
FKLOGKRRGSRSXODWLRQVWXGLHG
:H VXEVHTXHQWO\ H[DPLQHG ZKHWKHU VSHFLILF EDFWHULDO JURXSV ZHUH DVVRFLDWHG ZLWK WKH
DQWKURSRPHWULF RXWFRPHV XQGHU VWXG\ (ODVWLF QHW ZDV DSSOLHG WR WKH  JHQXVOLNH
EDFWHULDO JURXSV IRU HDFK RXWFRPH PHDVXUH VHSDUDWHO\ $ WRWDO RI   DQG  ZHLJKW
DVVRFLDWHGEDFWHULDO JURXSVZHUH LGHQWLILHG DVPDLQ HIIHFWVZLWK UHJDUGV WR%0,]VFRUHV
ZHLJKW]VFRUHVDQGRYHUZHLJKW UHVSHFWLYHO\)LJXUH7KHHODVWLFQHWFRHIILFLHQWSDWKV
IRU WKHVH EDFWHULDO JURXSV ZLWK UHVSHFW WR HDFK RXWFRPH DUH SUHVHQWHG LQ 6XSSOHPHQWDU\
)LJXUHV DF 7KH VHOHFWHG EDFWHULDO JURXSVZHUH LQFOXGHG DV FRQWLQXRXV YDULDEOHV LQ WKH
UHJUHVVLRQPRGHOVH[FHSWIRU3UHYRWHOODPHODQRJHQLFDHWUHODQG'LDOLVWHUVSSZHLJKW]
VFRUHV DQG 8&,, RYHUZHLJKW DV WKH\ ZHUH DOUHDG\ LGHQWLILHG DV KDYLQJ D ELPRGDO
DEXQGDQFHGLVWULEXWLRQDQGDVVXFKZHUHDQDO\VHGDVGLFKRWRPRXVYDULDEOHV
$IWHUDGMXVWLQJIRUFRQIRXQGHUV7DEOH0RGHO%0,]VFRUHZDVLQYHUVHO\DVVRFLDWHG
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ZHUH REWDLQHG IURP 0RGHO  ZKLFK LQFOXGHG DOO ILYH SUHVHOHFWHG JHQXVOLNH EDFWHULDO
JURXSV RWKHU PLFURELDO JURXSV $UFKDHD ELPRGDO EDFWHULDO JURXSV DQG FRQIRXQGHUV
6XSSOHPHQWDU\ 7DEOH  :HLJKW ]VFRUHV ZHUH LQYHUVHO\ DVVRFLDWHG ZLWK $NNHUPDQVLD
S  %XUNKROGHULD S  DQG %U\DQWHOOD IRUPDWH[LJHQV HW UHO ERUGHUOLQH
VLJQLILFDQWS DIWHUDGMXVWLQJIRUFRQIRXQGHUV7DEOH0RGHO,QWKHPRGHOZLWK
DOO  SUHVHOHFWHG EDFWHULD DGMXVWHG IRU FRQIRXQGHUV SOXV RWKHU PLFURELDO JURXSV
VXSSOHPHQWDU\ 7DEOH  0RGHO  RQO\ $NNHUPDQVLD DQG %U\DQWHOOD IRUPDWH[LJHQV
UHPDLQHGLQYHUVHO\DVVRFLDWHGZLWKZHLJKW]VFRUHV:LWKUHJDUGVWRRYHUZHLJKW6XWWHUHOOD
ZDGVZRUWKLD HW UHO S  DQG %U\DQWHOOD IRUPDWH[LJHQV HW UHO S  ZHUH
LQYHUVHO\ DVVRFLDWHGZLWK RYHUZHLJKW LQ WKH DGMXVWHG DQDO\VHV ,Q FRQWUDVW6WUHSWRFRFFXV
ERYLVHWUHOS ZDVSRVLWLYHO\DVVRFLDWHGZLWKRYHUZHLJKW,QWKHPRGHOZLWKDOOQLQH
SUHVHOHFWHG EDFWHULD RWKHU PLFURELDO JURXSV DQG FRQIRXQGHUV 6XSSOHPHQWDU\ 7DEOH 
0RGHORQO\$NNHUPDQVLD UHPDLQHGVLJQLILFDQWO\ LQYHUVHO\DVVRFLDWHGZLWKRYHUZHLJKW
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:LWKLQ D SRSXODWLRQ RI  VFKRRODJHG FKLOGUHQ SDUWLFLSDWLQJ LQ WKH .2$/$VWXG\ ZH
H[DPLQHG WKHDVVRFLDWLRQEHWZHHQPLFURELRWDFRPSRVLWLRQDQGRYHUZHLJKW6R IDU WKLV LV
WKHODUJHVWSRSXODWLRQEDVHGVWXG\RQFKLOGKRRGJXWPLFURELRWDLQUHODWLRQWRERG\ZHLJKW
0RUHRYHU WKH H[WHQVLYH GDWD RQ OLIHVW\OH DQG GLHW DOORZHG XV WR FDUHIXOO\ FRQWURO IRU
SRWHQWLDO FRQIRXQGLQJ IDFWRUV 7KH DQWKURSRPHWULF RXWFRPHV DQG SRWHQWLDO FRQIRXQGHUV





VRRQ DIWHUZHDQLQJ RU FRQWLQXHV GHYHORSLQJ LQWR WHHQ \HDUV$Q LQGHSWK FRPSDULVRQ
ZLWKDGXOWVLVEH\RQGWKHVFRSHRIWKLVSDSHUKRZHYHU LW LVQRWHZRUWK\WKDWZHREVHUYHG
VHYHUDOELPRGDOGLVWULEXWHGEDFWHULDOJURXSVDVZHOODVWKHLUFRFRUUHODWLQJVSHFLHVWKDWZHUH
SUHYLRXVO\ UHSRUWHG WR EHSUHVHQW LQ KHDOWK\ DGXOWV LQFOXGLQJ8&,,3UHYRWHOOD VSS 3
RUDOLV HW UHO DQG3PHODQLQRJHQLFDHW UHO FRFRUUHODWLQJZLWK3 UXPLQLFRODHW UHO DQG
'LDOLVWHUZLWKXQFXOWXUHG6HOHQRPRGDFHDH/DFNRI VXSSRUW IRUELPRGDOLW\RI8&, LQRXU
VWXG\ LVDOVR LQFRQFRUGDQFHZLWK/DKWLHWDOZKRVKRZHGSUHYLRXVO\ WKDW8&,H[KLELWV
YHU\FOHDUVKLIWLQJVWDWHSUREDELOLWLHVDVVRFLDWHGZLWKDJHLQJZKHUHWKHKLJKDEXQGDQWVWDWH
ZDV RQO\ REVHUYHG DERYH  \HDUV RI DJH 6LQFH WKH ERRWVWUDS VXSSRUW RI ELPRGDOLW\ IRU
%DFWHURLGHV IUDJLOLVZDVRQO\PRGHUDWH LQ WKHVWXG\RI/DKWLHWDO WKLVELPRGDOLW\PLJKW
KDYHEHHQPLVVHG LQRXUVWXG\GXH WR WKHVPDOOHUVDPSOHVL]HDJHKHDOWK VWDWXVRURWKHU
ELRORJLFDOIDFWRUV
7KH DEXQGDQFH RI WKH IRXU ELPRGDO JURXSV H[SODLQHG  RI WKH YDULDWLRQ LQ VSHFLHV
FRPSRVLWLRQ FRPSDUHG WR  IRU HDFK RI WKH DQWKURSRPHWULF RXWFRPHV 7KHUHIRUH ZH
FDQQRW FRQILUP WKH RIWHQ ODUJHVFDOH FRPPXQLW\ VKLIWV SUHYLRXVO\ UHSRUWHG PDLQO\ IURP
URGHQW VWXGLHV  ,Q WKLV JURXS RI KHDOWK\ FKLOGUHQ ZLWKLQ D UHODWLYHO\ QRUPDO ZHLJKW
UDQJH ZHLJKW DQG DVVRFLDWHG SDUDPHWHUV WKHUHIRUH GLG QRW VHHP WR EH PDMRU GULYHUV RI
RYHUDOOPLFURELDOFRPSRVLWLRQRUYLFHYHUVD7KLVLVLQOLQHZLWKREVHUYDWLRQVIURP+ROOLVWHU
HW DO ZKR DOVR IRXQG WKDW %0, IDLOHG WR DFFRXQW IRU D VLJQLILFDQW SURSRUWLRQ RI WKH
YDULDWLRQ LQ JXW PLFURELDO FRPSRVLWLRQ DQG IXQFWLRQ RI $PHULFDQ FKLOGUHQ DW DJH 
\HDUV 7KH %) UDWLR ZDV QRW DVVRFLDWHG ZLWK ZHLJKWUHODWHG RXWFRPHV LQ WKH SUHVHQW
VWXG\ $OWKRXJK SUHYLRXV VWXGLHV KDYH UHSRUWHG D ORZHU %) UDWLR LQ LQGLYLGXDOV ZLWK
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$ KHDOWK\ JXW PLFURELDO HFRV\VWHP LV JHQHUDOO\ WKRXJKW WR EH FKDUDFWHULVHG E\ KLJK
PLFURELDO ULFKQHVVDQGGLYHUVLW\SUHVXPHGWR LQGLFDWHDPRUHVWDEOHDQGUHVLOLHQWVWDWHRI






PD\ EH RYHUHVWLPDWHG $OWRJHWKHU RXU UHVXOWV FRQILUP WKDW WKH %) UDWLR DQG GLYHUVLW\
DSSHDU QRW WR EH D JHQHUDO IHDWXUH GLVWLQJXLVKLQJ WKH QRUPDO DQG RYHUZHLJKW KXPDQ JXW
PLFURELRWDDFURVVSRSXODWLRQV
$OWKRXJKZHGLGQRW ILQG D VLJQLILFDQW DVVRFLDWLRQZLWK WKHRYHUDOOPLFURELDO FRPPXQLW\




DVVRFLDWLRQ ZLWK %0, DQG ZHLJKW ]VFRUHV DQG ZLWK RYHUZHLJKW /LNHZLVH KLJKHU
DEXQGDQFHV RI3 RUDOLV HW UHO DQG3 PHODQLQRJHQLFD HW UHO ZHUH LQYHUVHO\ DVVRFLDWHG
RYHUZHLJKWHYHQDIWHUDGMXVWLQJ IRURWKHUPLFURELDOJURXSV WKDWZHUHDOVRDVVRFLDWHGZLWK
RYHUZHLJKW EXW QRW ZLWK WKH RWKHU RXWFRPHV ,Q DGGLWLRQ XVLQJ WKH HODVWLF QHW VWDWLVWLFDO
PHWKRG RI YDULDEOH VHOHFWLRQ ZH LGHQWLILHG VHYHUDO EDFWHULDO JURXSV RI ZKLFK
$NNHUPDQVLD %U\DQWHOOD IRUPDWH[LJHQV HW UHO DQG 6XWWHUHOOD ZDGVZRUWKLD HW UHO ZHUH
FRQVLVWHQWO\ DVVRFLDWHG ZLWK DOO WKUHH DQWKURSRPHWULF RXWFRPHV 7KH LQYHUVH DVVRFLDWLRQ
EHWZHHQ$NNHUPDQVLDDEXQGDQFHDQGERG\ZHLJKWLVFRQVLVWHQWZLWKSUHYLRXVVWXGLHVERWK








DXWLVP VSHFWUXP GLVRUGHU LQ FKLOGUHQ EXW LWV UROH LQ RYHUZHLJKW GHYHORSPHQW KDV QRW
EHHQUHSRUWHGEHIRUH
7KH VWUHQJWKV RI WKLV VWXG\ FRPSDUHG WR SUHYLRXV FURVVVHFWLRQDO VWXGLHV RQ WKH JXW
PLFURELRWDDQGFKLOGKRRGRYHUZHLJKWDUHLWVODUJHVDPSOHVL]HLQFRPELQDWLRQZLWKDEURDG
DQG KLJK UHVROXWLRQ LQWHUURJDWLRQ RI WKH ZKROH JXW PLFURELDO FRPPXQLW\ DQG H[WHQVLYH
DGMXVWPHQWIRULPSRUWDQWFRQIRXQGLQJYDULDEOHVHVSHFLDOO\GLHWDQGSK\VLFDODFWLYLW\7KLV
DOORZHG XV WR VHOHFW EDFWHULDO JURXSV RXW RI D WRWDO RI  WKDW ZHUH DVVRFLDWHG ZLWK
ate ͵ 

ZHLJKWUHODWHGRXWFRPHVZLWKRXW DQ D SULRUL FRQVWUDLQW RQ WKH WDUJHW VSHFLHV ,Q DGGLWLRQ
RXUVWXG\LVRQHRIWKHILUVWWRH[DPLQHWKHDVVRFLDWLRQEHWZHHQPLFURELRWDFRPSRVLWLRQDQG
ERG\ZHLJKWLQDSRSXODWLRQRIPRVWO\OHDQKHDOWK\FKLOGUHQ3UHYLRXVVWXGLHVIRFXVHGRQ
H[WUHPH FDWHJRULHV RI OHDQ DQG REHVH LQGLYLGXDOV $V D FRQVHTXHQFH GLIIHUHQFHV LQ
PLFURELRWDFRPSRVLWLRQPLJKWEHOHVVSURPLQHQWLQRXUVWXG\DVFRPSDUHGWRWKHVHSUHYLRXV
VWXGLHVEXW LWSURYLGHV LQVLJKW LQ WKH UROHRI WKHJXWPLFURELRWD LQ WKHQRUPDOGHYHORSLQJ
FKLOG
$ OLPLWDWLRQRI WKHSUHVHQW VWXG\ZDV WKH WUDQVSRUW WLPH IRU IDHFDOVDPSOHVZKLFKUDQJHG




GLIIHUHQFHV LQ VKRUWWHUPVWRUDJHFRQGLWLRQV LQFOXGLQJ VWRUDJH IRUXS WRZHHNVDW URRP
WHPSHUDWXUH  )XUWKHUPRUH ZH FRXOG RQO\ DVVHVV WKH DVVRFLDWLRQV RI WKH EDFWHULDO
JURXSV ZLWK ZHLJKW RXWFRPHV DW RQH WLPH SRLQW DQG DV D UHVXOW FDXVDOLW\ FRXOG QRW EH
HVWDEOLVKHG+RZHYHU RQO\ D IHZ ORQJLWXGLQDO VWXGLHV KDYH EHHQ SXEOLVKHG VR IDU LQ WKLV
ILHOG+HQFHODUJHORQJLWXGLQDOFRKRUWVWXGLHVWKDWFKDUDFWHULVHWKHJXWPLFURELRWDDW
PXOWLSOH WLPH SRLQWV DQG FROOHFW GHWDLOHG GDWD RQ LPSRUWDQW FRQIRXQGLQJ YDULDEOHV HJ
PRGHRIGHOLYHU\GLHWDQGSK\VLFDODFWLYLW\DUHQHHGHGWRREWDLQDQLQGHSWKNQRZOHGJHRI






DUH QRW PDMRU GULYHUV RI PLFURELDO FRPSRVLWLRQ LQ WKH JXW 1RQHWKHOHVV VHYHUDO VSHFLILF
EDFWHULDO WD[DDSSHDUHG WREHFRQVLVWHQWO\DVVRFLDWHGZLWKZHLJKWUHODWHGRXWFRPHV7KHVH
LQFOXGH VHYHUDO EDFWHULD WKDW KDYH SUHYLRXVO\ EHHQ OLQNHG WR ZHLJKWUHODWHG RXWFRPHV
$NNHUPDQVLD 8&,, DV ZHOO DV VSHFLHV WKDW KDYH QRW SUHYLRXVO\ EHHQ OLQNHG WR
RYHUZHLJKWVXFKDV6XWWHUHOODZDGVZRUWKLDHWUHODQG%U\DQWHOODIRUPDWH[LJHQVHWUHO,Q
WKLV UHJDUGPRUHGHWDLOHG LQIRUPDWLRQRQ WKHLU IXQFWLRQDO UROH LQ HQHUJ\PHWDEROLVPZLOO
KHOSWRHVWDEOLVKWKHLULPSRUWDQFHIRUZHLJKWGHYHORSPHQW2XUUHVXOWVSURYLGHQHZDYHQXHV
ZLWK UHJDUGV WR EDFWHULD LQ WKH JXW RI KXPDQV LQ UHODWLRQ WR WKH LQFUHDVLQJ WUHQG RI
RYHUZHLJKWZRUOGZLGH
3






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 3DUHQWV GLG QRW SURYLGH
IDHFDOVDPSOHVQ 








V  Q  E HODVWLF QHW UHJUHVVLRQFRHIILFLHQWV IRUZHLJKW]VFRUHVZLWK WXQLQJSDUDPHWHUV O DQGV DQG QRQ]HUR
EDFWHULDO JURXS FRHIILFLHQWV EHORZ V  Q  F HODVWLF QHW UHJUHVVLRQ FRHIILFLHQWV IRU RYHUZHLJKW ZLWK WXQLQJ SDUDPHWHUV







Prevotella melaninogenica HW UHO  
$EXQGDQFH /RJ






Prevotella oralis HW UHO  
$EXQGDQFH /RJ
   
Dialister  
$EXQGDQFH /RJ






8& ,,  
$EXQGDQFH /RJ















HYLGHQFH LQ KXPDQV LV VFDUFH :H LQYHVWLJDWHG KRZ JXW PLFURELRWD PDQLSXODWLRQ E\
DQWLELRWLFV GD\ DGPLQLVWUDWLRQ RI DPR[LFLOOLQ YDQFRP\FLQ RU SODFHER DIIHFWV KRVW
PHWDEROLVP LQ  REHVH SUHGLDEHWLF PHQ 9DQFRP\FLQ EXW QRW DPR[LFLOOLQ GHFUHDVHG
EDFWHULDOGLYHUVLW\DQGUHGXFHG)LUPLFXWHV LQYROYHG LQVKRUWFKDLQ IDWW\DFLGDQGELOHDFLG
PHWDEROLVP FRQFRPLWDQW ZLWK DOWHUHG SODVPD DQGRU IHFDO PHWDEROLWH FRQFHQWUDWLRQV
$GLSRVH WLVVXH JHQH H[SUHVVLRQ RI R[LGDWLYH SDWKZD\V ZDV XSUHJXODWHG E\ DQWLELRWLFV
ZKHUHDVLPPXQHUHODWHGSDWKZD\VZHUHGRZQUHJXODWHGE\YDQFRP\FLQ$QWLELRWLFVGLGQRW
DIIHFW WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ HQHUJ\VXEVWUDWH PHWDEROLVP SRVWSUDQGLDO
KRUPRQHV DQG PHWDEROLWHV V\VWHPLF LQIODPPDWLRQ JXW SHUPHDELOLW\ DQG DGLSRF\WH VL]H
,PSRUWDQWO\ HQHUJ\ KDUYHVW DGLSRF\WH VL]H DQG ZKROHERG\ LQVXOLQ VHQVLWLYLW\ ZHUH QRW
DOWHUHG DW ZHHNV IROORZXS GHVSLWH D VWLOO FRQVLGHUDEO\ DOWHUHG PLFURELDO FRPSRVLWLRQ
LQGLFDWLQJ WKDW LQWHUIHUHQFH ZLWK DGXOW PLFURELRWD E\ GD\V DQWLELRWLF WUHDWPHQW KDV QR
FOLQLFDOO\UHOHYDQWLPSDFWRQPHWDEROLFKHDOWKLQREHVHKXPDQV
4et o t ioiota anilation  antiioti on ot etaoli in oee anǣ a andoied doleǦlind laeoǦontolled tial 

,QWURGXFWLRQ
$FFXPXODWLQJ HYLGHQFH LQGLFDWHV WKDW WKH FRPSRVLWLRQ RI WKH JXW PLFURELRWD SOD\V D
SURPLQHQW UROH LQ ERG\ ZHLJKW UHJXODWLRQ DQG WKH GHYHORSPHQW RI W\SH  GLDEHWHV
PHOOLWXV 7KHJXWPLFURELRWDUHJXODWHVHQHUJ\H[WUDFWLRQIURPRWKHUZLVHLQGLJHVWLEOH
FDUERK\GUDWHVGHWHUPLQHVWKHLQWHJULW\RIWKHLQWHVWLQDOHSLWKHOLDOOD\HUDQGLQIOXHQFHVWKH
SURGXFWLRQ DQG DEVRUSWLRQ RI PXOWLSOH VLJQDOLQJ PROHFXOHV LQYROYHG LQ KRVW PHWDEROLVP
6HYHUDO VWXGLHV KDYH GHPRQVWUDWHG WKDW JHUPIUHH PLFH DUH SURWHFWHG IURP GLHWLQGXFHG
REHVLW\ ORZJUDGH LQIODPPDWLRQ DQG JOXFRVH LQWROHUDQFH DV FRPSDUHG WR FRQYHQWLRQDOO\




7KH JXW PLFURELRWD FRPSRVLWLRQ FDQ EH PRGXODWHG E\ DPRQJVW RWKHUV SUHELRWLFV
SURELRWLFVDQGDQWLELRWLFVWKHUHE\DOWHULQJWKHSUHVHQFHDQGH[SUHVVLRQRIPLFURELDOJHQHV
DQGGHULYHGPHWDEROLWHVVXFKDVELOHDFLGV%$DQGVKRUWFKDLQIDWW\DFLGV6&)$
3DUWLFXODUO\ WKH XVH RI DQWLELRWLFV KDV EHHQ DVVRFLDWHG ZLWK LQFUHDVHG PHWDEROLF
LPSDLUPHQWVPDLQO\ZKHQH[SRVXUHRFFXUV LQHDUO\ OLIH 2IQRWH WKHVHILQGLQJVDUH
SULPDULO\ EDVHG RQ DQLPDO VWXGLHV LQ ZKLFK WKH DQLPDOV KDYHPRVWO\ EHHQ H[SRVHG WR D
FRPELQDWLRQRI DQWLELRWLFV IRU SHULRGVYDU\LQJ IURP WZR WR WZHQW\ZHHNV  ,W KDV
UHFHQWO\EHHQVKRZQWKDWDQWLELRWLFVPD\ LPSURYHSHULSKHUDO LQVXOLQVHQVLWLYLW\ LQDVPDOO
QXPEHU RI REHVH VXEMHFWV 1HYHUWKHOHVV WKH HIIHFWV REVHUYHG LQ WKH ODWWHU VWXG\ ZHUH
UHODWLYHO\ PLQRU DQG LPSRUWDQWO\ WKH VWXG\ ZDV QRW SODFHERFRQWUROOHG 7KXV ZHOO




RQ JXW PLFURELRWD FRPSRVLWLRQ WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ HQHUJ\ H[SHQGLWXUH
VXEVWUDWH R[LGDWLRQ IHFDO DQG SODVPD %$ DQG 6&)$ FRQFHQWUDWLRQV JXW SHUPHDELOLW\
DEGRPLQDOVXEFXWDQHRXVDGLSRF\WHVL]HDQGV\VWHPLFORZJUDGHLQIODPPDWLRQLQREHVHPHQ
ZLWK LPSDLUHG JOXFRVH KRPHRVWDVLV 0RUHRYHU HLJKW ZHHNV DIWHU FHVVDWLRQ RI DQWLELRWLF








EHWZHHQ  DQG  \HDUVZLWK LPSDLUHG JOXFRVHPHWDEROLVP HLWKHU IDVWLQJ JOXFRVH !




DQG DSSURYHG E\ WKH ORFDO0HGLFDO (WKLFDO &RPPLWWHH RI0DDVWULFKW8QLYHUVLW\0HGLFDO
&HQWHU $OO SURFHGXUHV ZHUH DFFRUGLQJ WR WKH GHFODUDWLRQ RI +HOVLQNL UHYLVHG YHUVLRQ
2FWREHU([FOXVLRQFULWHULDZHUHWKHXVHRIDQWLELRWLFVIRUDSHULRGRIWKUHHPRQWKV
EHIRUH HQWHULQJ WKH VWXG\ NQRZQ DOOHUJLF UHDFWLRQV WR DQ\ W\SH RI DQWLELRWLFV KHDULQJ
GLVRUGHUVFDQFHUOLYHUPDOIXQFWLRQPDMRULOOQHVVHVZLWKDOLIHH[SHFWDQF\RIOHVVWKDQILYH
\HDUVDQGSXOPRQDU\KHSDWLFFDUGLRYDVFXODUNLGQH\DQGJDVWURLQWHVWLQDOGLVHDVH6XEMHFWV




3DUWLFLSDQWV ZHUH UDQGRPL]HG WR RUDO LQWDNH RI DPR[LFLOOLQ EURDGVSHFWUXP DQWLELRWLF
YDQFRP\FLQ GLUHFWHG DJDLQVW *UDPSRVLWLYH EDFWHULD RU SODFHER
PLFURFU\VWDOOLQH FHOOXORVH IRU VHYHQ FRQVHFXWLYH GD\V  PJG $QWLELRWLFV DQG
SODFHER ZHUH HTXDOO\ FDSVXODWHG WR EOLQG WKH FRQWHQW WR VXEMHFWV DQG
LQYHVWLJDWRUV %DVLF3KDUPD 7KH 1HWKHUODQGV 7KH DOORFDWLRQ VHTXHQFH ZDV
HVWDEOLVKHG E\ FRPSXWHUJHQHUDWHG UDQGRPL]DWLRQ KWWSVQOWHQDOHDQHW %ORFN
UDQGRPL]DWLRQZLWKVWUDWLILFDWLRQIRU%0,DJHDQGKJOXFRVHYDOXHVZDVXVHG WR LQFUHDVH
WKH KRPRJHQHLW\ RI WKH WUHDWPHQW DUPV EORFN VL]H Q  $IWHU FRPSOHWLRQ RI WKH
VWXG\ UHWXUQHG FDSVXOHV ZHUH FRXQWHG WR DVVHVVFRPSOLDQFH3DUWLFLSDQWVZHUHDVNHGWR
PDLQWDLQ WKHLU KDELWXDO SK\VLFDO DFWLYLW\ SDWWHUQ DQG GLHWDU\ KDELWV PRQLWRUHG E\ GD\
IRRG GLDULHV WKURXJKRXW WKH VWXG\ 7KH HYHQLQJ EHIRUHDQ LQYHVWLJDWLRQGD\D ORZILEHU
ORZ IDW PHDO ZDV FRQVXPHG %HIRUH DQG DIWHU LQWHUYHQWLRQ VWXG\ PHDVXUHPHQWV ZHUH
FRQGXFWHG IROORZLQJ D K RYHUQLJKW IDVW 7R HQVXUH FRPSOHWH V\VWHPLF DQG
JDVWURLQWHVWLQDO FOHDUDQFH RI DQWLELRWLFV D GD\ ZDVKRXW SHULRG ZDV WDNHQLQWRDFFRXQW
EHIRUHSRVWWUHDWPHQWPHDVXUHPHQWV3DUWLFLSDQWVUHWXUQHGIRUDIROORZXSYLVLWHLJKWZHHNV
DIWHUWUHDWPHQWFHVVDWLRQ




&DPEULGJH ,VRWRSH /DERUDWRULHV $QGRYHU 0$ 86$ ZDV SHUIRUPHG WR PHDVXUH 5G
(*3DQGWKHLQVXOLQPHGLDWHGVXSSUHVVLRQRI))$%ORRGVDPSOHVZHUHWDNHQIURP
DVXSHUILFLDOGRUVDOKDQGYHLQZKLFKZDVDUWHULDOL]HGE\XVLQJDKRWER[a&$IWHUD
EROXVLQMHFWLRQ  PJNJ WUDFHULQIXVLRQ ZDV VWDUWHG DW  PJNJPLQ ZKLFK ZDV
FRQWLQXHG WKURXJKRXW WKH PHDVXUHPHQW $IWHU  K ORZGRVH LQVXOLQ ZDV LQIXVHG DW 
P8PPLQ IRU  K IROORZHG E\ KLJKGRVH LQVXOLQ DW  P8PPLQ IRU  K %\
YDULDEOHFRLQIXVLRQRIDJOXFRVHVROXWLRQHQULFKHGE\WUDFHUSODVPDJOXFRVH
FRQFHQWUDWLRQV ZHUH PDLQWDLQHG DW  PPROO )RU FDOFXODWLRQ RI VWHDG\VWDWHNLQHWLFV









)RU LQGLUHFWFDORULPHWU\GXULQJ IDVWLQJ PLQDQG WKHKSRVWSUDQGLDO VWDWH WKHRSHQ
FLUFXLW YHQWLODWHG KRRG V\VWHP ZDV XVHG 2PQLFDO 0DDVWULFKW 8QLYHUVLW\ 0DDVWULFKW
1HWKHUODQGV&DOFXODWLRQVRIHQHUJ\H[SHQGLWXUHDQGVXEVWUDWHR[LGDWLRQZHUHSHUIRUPHG
DFFRUGLQJ WR WKH IRUPXODV RI:HLU DQG )UD\Q1LWURJHQ H[FUHWLRQZDV EDVHG RQ WKH
DVVXPSWLRQWKDWSURWHLQR[LGDWLRQUHSUHVHQWVaRIWRWDOHQHUJ\H[SHQGLWXUH
*XW3HUPHDELOLW\WHVW
$IWHU EDVHOLQH XULQH FROOHFWLRQ VXEMHFWV GUDQN D  PO PXOWLVDFFKDULGH WHVW PL[ >J
VXFURVH9DQ*LOVH'LQWHORRUGWKH1HWKHUODQGVJODFWXORVH&HQWUDIDUP(WWHQ/HXUWKH
1HWKHUODQGV J VXFUDORVH %UHQQWDJ 6LWWDUG WKH 1HWKHUODQGV J HU\WKULWRO 'DQLVFR
6ZHHWHQHUV &RSHQKDJHQ 'HQPDUN J RI OUKDPQRVH 'DQLVFR@ 8ULQH ZDV
FROOHFWHG IRU GHWHUPLQDWLRQ RI WKH XULQDU\ VXFURVH FRQFHQWUDWLRQ LQ WKH  PLQ XULQH
FROOHFWLRQ UHSUHVHQWLQJ JDVWURGXRGHQDO SHUPHDELOLW\ ZKHUHDV LQ WKLV FROOHFWLRQ VPDOO
LQWHVWLQDO SHUPHDELOLW\ LV UHSUHVHQWHG E\ WKH ODFWXORVHUKDPQRVH UDWLR 3UR[LPDO FRORQ
SHUPHDELOLW\ LV UHSUHVHQWHG E\ WKH VXFODURVHHU\WKULWRO UDWLR RI WKH  PLQ XULQH
FROOHFWLRQ
%LRFKHPLFDODQDO\VHVIRUSODVPDYDULDEOHV
%ORRG ZDV FROOHFWHG LQWR SUHFKLOOHG WXEHV FHQWULIXJHG DW J DQG SODVPD ZDV VQDS




WUDFHUWRWUDFHH UDWLR IRU VWHDG\VWDWH FDOFXODWLRQV RI 5G DQG (*3 3ODVPD JOXFRVH
ODFWDWH ))$ DQG JO\FHURO ZHUH GHWHUPLQHG ZLWK WKH &REDV )DUD DXWRDQDO\]HU 5RFKH
6ZLW]HUODQG 3ODVPD LQVXOLQ ZDV PHDVXUHG ZLWK D GRXEOH DQWLERG\ UDGLRLPPXQRDVVD\
0LOOLSRUH 0$ 86$ 3ODVPD OHSWLQ FRQFHQWUDWLRQV ZHUH DQDO\]HG XVLQJ FRPPHUFLDOO\
DYDLODEOH UDGLRLPPXQRDVVD\ NLWV +XPDQ /HSWLQ 5,$ 0LOOLSRUH &RUSRUDWLRQ %LOOHULFD
0$86$3ODVPD$1*37/FRQFHQWUDWLRQVZHUHPHDVXUHGE\(/,6$DVGHVFULEHG
3ODVPD FRQFHQWUDWLRQV RI ,/ ,/ DQG 71)Į ZHUH GHWHUPLQHG XVLQJ D PXOWLSOH[
HQ]\PHOLQNHG LPPXQRVRUEHQW DVVD\ +XPDQ3UR,QIODPPDWRU\ ,, 3OH[8OWUD6HQVLWLYH
.LW0HVR6FDOH'LDJQRVLWLFV5RFNYLOOH0'86$,VRFUDWLFLRQH[FKDQJH+3/&0RGHO
38 SXPS -DVFR (DVWRQ 0' ZLWK PDVV VSHFWURPHWU\ 0RGHO /74 ;/ 7KHUPR
)LVKHU6FLHQWLILF:DOWKDP0$ZDVXVHGWRGHWHUPLQHVXJDUFRQFHQWUDWLRQVLQSODVPDDQG
XULQH IRU JDVWURLQWHVWLQDO SHUPHDELOLW\ DVVHVVPHQW /36ELQGLQJ SURWHLQ ZDV PHDVXUHG
XVLQJQRQFRPPHUFLDO(/,6$DVGHVFULEHGEHIRUH3ODVPDFRQFHQWUDWLRQVRI*/3ZHUH
PHDVXUHG E\ UDGLRLPPXQRDVVD\V DV SUHYLRXVO\ GHVFULEHG 3ODVPD %$ SURILOH ZDV
PHDVXUHG XVLQJ OLTXLG FKURPDWRJUDSK\ WDQGHP PDVV VSHFWURPHWU\ /&0606 7KH
WRWDO DPRXQW RI SULPDU\ FKROLF DFLG DQG FKHQRGHR[\FKROLF DFLG DQG WKHLU WDXULQH DQG
JO\FLQHFRQMXJDWHGIRUPVDQGVHFRQGDU\%$GHR[\FKROLFDFLGOLWKRFKROLFDFLGDQGWKHLU
FRQMXJDWHG IRUPV ZDV FDOFXODWHG DV WKH VXP RI WKH LQGLYLGXDOO\ TXDQWLILHG %$ 3ODVPD
6&)$ ZHUH GHWHUPLQHG E\ /&0606 DV UHSRUWHG EHIRUH 7KH GHWHFWLRQ OLPLWV IRU
DFHWDWHSURSLRQDWHDQGEXW\UDWHZHUHDQGȝPRO/UHVSHFWLYHO\
/DERUDWRU\DQDO\VLVRIDGLSRVHWLVVXH
$EGRPLQDO VXEFXWDQHRXV $7 ELRSVLHV ZHUH WDNHQ XQGHU ORFDO DQHVWKHVLD XQGHU IDVWHG
FRQGLWLRQV2QHSRUWLRQZDV HPEHGGHG LQSDUDIILQ6HFWLRQVZHUHFXW IRU VWDLQLQJGLJLWDO
LPDJLQJ DQG FRPSXWHUL]HG PRUSKRPHWULF PHDVXUHPHQW RI LQGLYLGXDO DGLSRF\WHV 2QH
SRUWLRQ a PJ ZDV VQDSIUR]HQ LQ OLTXLG QLWURJHQ IURP ZKLFK 51$ ZDV H[WUDFWHG
7UL]ROFKORURIRUPH[WUDFWLRQ,QYLWURJHQ&HUJ\3RQWRLVH)UDQFHDQGXVHGIRUPLFURDUUD\
DQDO\VLV  QJ WRWDO 51$ ZDV ODEHOHG E\ :KROH7UDQVFULSW 6HQVH 7DUJHW $VVD\ DQG
K\EULGL]HG WR KXPDQ ZKROHJHQRPH $II\PHWUL[ *HQH  67 DUUD\V WDUJHWLQJ 
XQLTXH JHQHV $II\PHWUL[ 6DQWD &ODUD &$ 86$ 4XDOLW\ FRQWURO DQG GDWD DQDO\VLV
SLSHOLQH KDYH EHHQ GHVFULEHG LQ GHWDLO SUHYLRXVO\ ,QGLYLGXDO JHQHV RQ WKH DUUD\ ZHUH
GHILQHG DV FKDQJHG ZKHQ FRPSDULVRQ RI WKH QRUPDOL]HG VLJQDO LQWHQVLWLHV VKRZHG D
)'5T LQ D WZRWDLOHG SDLUHG WWHVW ZLWK %D\HVDQ FRUUHFWLRQ /LPPD )XUWKHU
IXQFWLRQDOGDWDDQDO\VLVZDVSHUIRUPHGRQ WKHILOWHUHGGDWDVHWZLWK*HQH6HW(QULFKPHQW
$QDO\VLV *6($ KWWSZZZEURDGPLWHGXJVHD *HQH VHWV ZHUH VHOHFWHG EDVHG XSRQ
)'5T  $UUD\ GDWD KDYH EHHQ VXEPLWWHG WR WKH *HQH ([SUHVVLRQ 2PQLEXV QXPEHU
*6(
/DERUDWRU\DQDO\VLVRIIHFHV
)HFHVZDV FROOHFWHG DW KRPH IRU WZR FRQVHFXWLYH GD\V DW EDVHOLQH VHYHQ GD\V DQG HLJKW
ZHHNVDIWHULQWHUYHQWLRQXVLQJWKH%03FRPPRGHVSHFLPHQFROOHFWLRQV\VWHPDQGGLYLGHG
4et o t ioiota anilation  antiioti on ot etaoli in oee anǣ a andoied doleǦlind la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
RYHUVWHULOHWXEHVDWKRPH6XEMHFWVZHUHSURYLGHGZLWKDER[RIGU\LFHWRIUHH]HWKHLUVWRRO
VDPSOHV LPPHGLDWHO\ DIWHU GHIHFDWLRQ DW DSSUR[LPDWHO\ & DQG IRU WUDQVSRUW WR WKH
XQLYHUVLW\7RWDOIHFDODPRXQWZDVZHLJKHGDQGKIHFDOVDPSOHVZHUHXVHGWRGHWHUPLQH
HQHUJ\ FRQWHQW XVLQJ DGLDEDWLF ERPE FDORULPHWU\ &%% VWDQGDUG EHQ]RLF DFLG 
FDOJ %&6&50QR1 K IHFDO %$ FRPSRVLWLRQ ZDV GHWHUPLQHG E\ XVLQJ JDV




DQG VXEVHTXHQWO\ XVHG IRU SK\ORJHQHWLF SURILOLQJ XVLQJ WKH +,7FKLS SK\ORJHQHWLF
PLFURDUUD\ 6WDQGDUGL]HG TXDOLW\ FRQWURO ZDV PDLQWDLQHG WKURXJK RXU OLEUDU\ RI D
GXSOLFDWHG VHW RI  SUREHV WDUJHWLQJ WKH 6 U51$ JHQH VHTXHQFHV RI RYHU 




UHOHYDQW FKDQJH RI LQVXOLQ VHQVLWLYLW\ Į    ȕ    $OO GDWD ZHUH HYDOXDWHG IRU
QRUPDOLW\8QLYDULDWHDQDO\VLV $129$ZDVDSSOLHG WRFRPSDUHJURXSFKDUDFWHULVWLFVDW
EDVHOLQH'LIIHUHQFHVEHWZHHQWUHDWPHQWVZHUHDQDO\]HGXVLQJUHSHDWHGPHDVXUHV$129$
ZLWK WLPH DQG WUHDWPHQW DV IDFWRUV$1&29$ DQDO\VLV RI WKH GHOWD SRVWSUH YDOXH ZDV
XVHGIRUSDUDPHWHUVZKHQVLJQLILFDQWO\GLIIHUHQWDWEDVHOLQHWDNLQJWKHEDVHOLQHYDOXHLQWR
DFFRXQW DV FRYDULDWH 7KH SRVWSUDQGLDO UHVSRQVH HQHUJ\ H[SHQGLWXUH VXEVWUDWH R[LGDWLRQ
DQG*/3LVJLYHQDVLQFUHPHQWDODUHDXQGHUWKHFXUYHL$8&PLQZKLFKZDVFDOFXODWHG
E\ WKH WUDSH]RLGPHWKRG)RU+,7FKLSDQDO\VLV ORJWUDQVIRUPHGVLJQDOVZHUHXVHGDVD




PXOWLSOH WHVWLQJ:HXVHG5DQGRP)RUHVWV D VXSHUYLVHGPDFKLQHOHDUQLQJ WHFKQLTXHDQG
WKH SUH DQG SRVW WUHDWPHQW FODVVHV WR FRQILUP WKHVH UHVXOWV 7R GHWHUPLQH ZKHWKHU
LQGLYLGXDOV FRXOG EH JURXSHG LQWR FODVVHV RI VSHFLILF PHWDEROLF UHVSRQVHV WR WKH
LQWHUYHQWLRQVZHXVHGWKHOFPP5SDFNDJHWRSHUIRUP/DWHQW&ODVV$QDO\VLV'LYHUVLW\
RI WKHPLFURELRWDZDVTXDQWLILHGEDVHGRQQRQORJDULWKPL]HG+,7FKLSROLJROHYHO VLJQDOV
E\ LQYHUVH 6LPSVRQ¶V LQGH[ XVLQJ WKH 9HJDQ SDFNDJH $129$ZLWK 7XNH\¶V +RQHVW
6LJQLILFDQWSRVWKRFDQDO\VLVZDVDSSOLHGWRFRPSDUHGLYHUVLW\EHWZHHQDQGZLWKLQJURXSV
'DWD DUH H[SUHVVHG DV PHDQV  VWDQGDUG HUURU RI WKH PHDQ 6(0 ZLWK D WZRVLGHG






7R VWXG\ WKH UROHRI WKHJXWPLFURELRWDZH UDQGRPL]HGRYHUZHLJKW DQGREHVH
\HDUROG&DXFDVLDQPHQWRRUDODGPLQLVWUDWLRQRIWKHEURDGVSHFWUXPDQWLELRWLFDPR[LFLOOLQ
$02; QDUURZVSHFWUXP DQWLELRWLF YDQFRP\FLQ 9$1&2 GLUHFWHG DJDLQVW *UDP
SRVLWLYHEDFWHULDRUSODFHER3/$IRUVHYHQGD\V1RVLJQLILFDQWGLIIHUHQFHVLQEDVHOLQH
FKDUDFWHULVWLFVZHUH SUHVHQW EHWZHHQ JURXSV 7DEOH $OO VXEMHFWV KDG LPSDLUHG IDVWLQJ
JOXFRVHOHYHOVSODVPDJOXFRVHtPPROODQGRULPSDLUHGJOXFRVHWROHUDQFHKSODVPD
JOXFRVHGXULQJDJRUDOJOXFRVHWROHUDQFHWHVWPPROODQGZHUHLQVXOLQUHVLVWDQW
KRPHRVWDVLV PRGHO DVVHVVPHQW IRU LQVXOLQ UHVLVWDQFH +20$,5! 2QH VXEMHFW
UDQGRPL]HG WR WKH $02; LQWHUYHQWLRQ ZDV FRQVLGHUHG D GURSRXW GXH WR XVH RI RWKHU
DQWLELRWLFVGXULQJWKHVWXG\SHULRG1RVHULRXVDGYHUVHHYHQWVDQGRQO\DIHZFDVHVRIPLOG
JDVWURLQWHVWLQDO GLVFRPIRUWZHUH UHSRUWHG7KHUHZHUH QR GLIIHUHQFHV LQ GDLO\ HQHUJ\ DQG
PDFURQXWULHQW LQWDNHDVPRQLWRUHGE\DWKUHHGD\IRRGGLDU\EHWZHHQDQGZLWKLQJURXSV
EHIRUH DQG DIWHU LQWHUYHQWLRQ )XUWKHUPRUH ERG\ ZHLJKW UHPDLQHG XQFKDQJHG IRU DOO
WUHDWPHQWJURXSVWKURXJKRXWWKHVWXG\SHULRGDQGDWIROORZXSGDWDQRWVKRZQ
7DEOH%DVHOLQHFKDUDFWHULVWLFVRIWKHVWXG\SRSXODWLRQ
9DULDEOH 3/$Q  $02;Q  9$1&2Q 
$JH\HDUV   
%RG\ZHLJKWNJ   
%RG\PDVVLQGH[NJP   
:DLVW+LSUDWLR   
:DLVWFLUFXPIHUHQFHFP   
)DVWLQJJOXFRVHP0   
K2*77JOXFRVHPPROO   
)DVWLQJLQVXOLQP8O   
+20$,5   
+E$F   
3OXVPLQXV YDOXHV DUH PHDQV6(0 +20$,5 GHQRWHV KRPHRVWDVLV PRGHO DVVHVVPHQW RI LQVXOLQ UHVLVWDQFH
+E$FJO\FDWHGKDHPRJORELQ
(IILFDF\RIPLFURELRWDPDQLSXODWLRQE\DQWLELRWLFWUHDWPHQW
7KH IHFDO PLFURELRWD FRPSRVLWLRQ ZDV GHWHUPLQHG E\ DQDO\]LQJ 6 ULERVRPDO 51$
U51$ JHQH DPSOLFRQV XVLQJ WKH+XPDQ ,QWHVWLQDO7UDFW&KLS0LFURDUUD\+,7&KLS
ZKLFK VKRZHG WKDW VHYHQGD\9$1&2PDUNHGO\ GHFUHDVHGPLFURELDO GLYHUVLW\ 3
ZKHUHDV WKLV ZDV QRW DIIHFWHG E\ $02; 3  DV FRPSDUHG WR 3/$ )LJXUH 
9$1&2 GHFUHDVHG WKH UHODWLYH DEXQGDQFH RI PDLQO\ *UDPSRVLWLYH EDFWHULD RI WKH




&RSURFRFFXV HXWDFWXV )DHFDOLEDFWHULXP SUDXVQLW]LL DQG$QDHURVWLSHV FDFFDH DVZHOO DV
VSHFLHV LQYROYHG LQ%$ GHK\GUR[\ODWLRQ VXFK DV&ORVWULGLXP OHSWXP &RQYHUVHO\*UDP
QHJDWLYH3URWHREDFWHULDPHPEHUVRI&ORVWULGLXPFOXVWHU ,;DQG9$1&2UHVLVWDQW*UDP
SRVLWLYH EDFLOOL VXFK DV /DFWREDFLOOXV SODQWDUXP DQG (QWHURFRFFXV VKRZHG LQFUHDVHG






GXH WR9$1&2 WUHDWPHQW KDG LQJHQHUDO UHWXUQHG WREDVHOLQH OHYHOV VHYHUDOPHPEHUV RI
&ORVWULGLXPFOXVWHUV,9DQG;,9DZHUHVWLOOGHFUHDVHGDVFRPSDUHGWR3/$)XUWKHUPRUH
REVHUYHG G\QDPLFV ZLWK UHVSHFW WR JXW PLFURELRWD FRPSRVLWLRQ DQG GLYHUVLW\ ZHUH
LQGLYLGXDOVSHFLILF )LJXUH 6 ,Q FRQWUDVW$02; WUHDWPHQW GLG QRW DIIHFWPLFURELRWD





JHQXVDQGRUGHU OLNH OHYHOZLWK*UDPVWDLQLQJEHWZHHQEUDFNHWVZKRVH UHODWLYHDEXQGDQFHZDV VLJQLILFDQWO\GLIIHUHQW T
SRVWWUHDWPHQW ZLWKLQ WKH 9$1&2 JURXS &RORU YDOXH VKRZV ORJ IROG FKDQJHV FRPSDUHG WR EDVHOLQH *HQXV OLNH JURXSV
FRQWDLQLQJNQRZQEXW\UDWHSURGXFLQJDQG%$GHK\GUR[\ODWLQJVSHFLHVDUHGHSLFWHG LQJUHHQDQG UHG UHVSHFWLYHO\*URXSV WKDW
H[KLELWHGDVLJQLILFDQWGLIIHUHQFHEHWZHHQ9$1&2DQG3/$WUHDWPHQWV
$QWLELRWLFWUHDWPHQWGRHVQRWDIIHFWWLVVXHVSHFLILFLQVXOLQVHQVLWLYLW\
7KH SULPDU\ RXWFRPH RI WKLV VWXG\ ZDV SHULSKHUDO LQVXOLQ VHQVLWLYLW\ LQVXOLQVWLPXODWHG
JOXFRVH UDWH RI GLVDSSHDUDQFH 5G DV GHWHUPLQHG E\ D WZRVWHS K\SHULQVXOLQHPLF
HXJO\FHPLF FODPS ZLWK >+@JOXFRVH WUDFHU LQIXVLRQ $QWLELRWLF WUHDWPHQW GLG QRW
VLJQLILFDQWO\DOWHU5GDVFRPSDUHGWR3/$)LJXUH$GGLWLRQDOO\QRHIIHFWVZHUHIRXQG
RQ KHSDWLF DQG DGLSRVH WLVVXH $7 LQVXOLQ VHQVLWLYLW\ DV GHWHUPLQHG E\ WKH LQVXOLQ
PHGLDWHGVXSSUHVVLRQRIHQGRJHQRXVJOXFRVHSURGXFWLRQ(*3DQGSODVPDIUHHIDWW\DFLG
))$ FRQFHQWUDWLRQV UHVSHFWLYHO\ ,Q DFFRUGDQFH DQWLELRWLF WUHDWPHQW GLG QHLWKHU DOWHU
ZKROHERG\LQVXOLQVHQVLWLYLW\+20$,5LPPHGLDWHO\DIWHUFHVVDWLRQRIWUHDWPHQWQRUDW
HLJKWZHHNVIROORZXS)LJXUH62XUGDWDDUHLQFRQWUDVWZLWKVHYHUDOSUHYLRXVVWXGLHVLQ
URGHQWV ZKLFK LQGLFDWHG WKDW DQWLELRWLF WUHDWPHQW PD\ LPSURYH JOXFRVH KRPHRVWDVLV DQG
PHWDEROLF LPSDLUPHQWV  1HYHUWKHOHVV D PRUH UHFHQW VWXG\ VKRZHG WKDW
4et o t ioiota anilation  antiioti on ot etaoli in oee anǣ a andoied doleǦlind laeoǦontolled tial 

9$1&2WUHDWHGPLFHKDGOLWWOHZHLJKWFKDQJHDQGQRLPSURYHPHQWLQJO\FHPLFFRQWURO
&RQVLVWHQW ZLWK WKH SUHVHQW GDWD D IRXUGD\ WUHDWPHQW ZLWK D EURDGVSHFWUXP DQWLELRWLF
FRFNWDLO GLG QRW DIIHFW SRVWSUDQGLDO JOXFRVH PHWDEROLVP LQ OHDQ KHDOWK\ PHQ
)XUWKHUPRUH LW KDV UHFHQWO\ EHHQ VKRZQ LQ D OLPLWHG QXPEHU RI REHVH VXEMHFWV ZLWK WKH
PHWDEROLF V\QGURPH WKDW 9$1&2 VOLJKWO\ EXW VLJQLILFDQWO\ UHGXFHG SHULSKHUDO LQVXOLQ
VHQVLWLYLW\ GHVSLWH FRPSDUDEOH FKDQJHV LQPLFURELDO FRPSRVLWLRQ DQG%$PHWDEROLVP DV
IRXQG LQ WKHSUHVHQWVWXG\$OWKRXJK WKHGDWDRI WKH ODWWHUVWXG\VHHPVDWRGGVZLWK WKH
SUHVHQWILQGLQJV LW LV LPSRUWDQWWRHPSKDVL]HWKDW LQWKHVWXG\E\9ULH]HDQGFROOHDJXHV
WKHPRGHVWa9$1&2LQGXFHGGHFUHDVHLQSHULSKHUDOLQVXOLQVHQVLWLYLW\ZDVEDVHGRQ
D ZLWKLQJURXS FRPSDULVRQ SRVWWUHDWPHQW YHUVXV SUHWUHDWPHQW VLQFH D SODFHER JURXS
ZDV QRW LQFOXGHG LQ WKH VWXG\ GHVLJQ $GGLWLRQDOO\ LQ WKH SUHVHQW VWXG\ IROORZXS
PHDVXUHPHQWVWKDWZHUHSHUIRUPHGHLJKWZHHNVDIWHUWUHDWPHQWFHVVDWLRQDOVRGLGQRWVKRZ
DQ HIIHFW RQZKROHERG\ LQVXOLQ VHQVLWLYLW\ GHVSLWH D VWLOO FRQVLGHUDEO\ DOWHUHGPLFURELDO
FRPSRVLWLRQDVFRPSDUHGWRSUHWUHDWPHQWDVZHOODVSODFHER
$QWLELRWLFWUHDWPHQWGRHVQRWDIIHFWHQHUJ\DQGVXEVWUDWHPHWDEROLVP
7R H[DPLQH WKH HIIHFW RI JXW PLFURELRWD PRGXODWLRQ RQ SRVWSUDQGLDO PHWDEROLWH
FRQFHQWUDWLRQVHQHUJ\H[SHQGLWXUHDQGVXEVWUDWHR[LGDWLRQZHSHUIRUPHGDKLJKIDWPL[HG
PHDO WHVW 0- >( IDW ( FDUERK\GUDWHV ( SURWHLQ@ :H GHWHUPLQHG
DUWHULDOL]HG SODVPD PHWDEROLWH FRQFHQWUDWLRQV DQG PHDVXUHG HQHUJ\ H[SHQGLWXUH DQG
VXEVWUDWH R[LGDWLRQ E\ ZKROHERG\ LQGLUHFW FDORULPHWU\ 1HLWKHU 9$1&2 QRU $02;
VLJQLILFDQWO\DIIHFWHGEDVDODQGSRVWSUDQGLDOSODVPDJOXFRVH LQVXOLQ))$ WULDF\OJO\FHURO
7$*DQGODFWDWHFRQFHQWUDWLRQV7DEOHDQG)LJXUH6$OVRQRVLJQLILFDQWHIIHFWV
RQEDVDODQGSRVWSUDQGLDOHQHUJ\H[SHQGLWXUH FDUERK\GUDWHDQG IDWR[LGDWLRQZHUH IRXQG
)LJXUH$IWHUDGMXVWPHQWIRUIHFDOZHLJKWLQWHVWLQDOHQHUJ\KDUYHVWZKLFKLVUHIOHFWHG
E\GDLO\ IHFDOHQHUJ\FRQWHQWZDVQHLWKHUFKDQJHG LPPHGLDWHO\DIWHU WUHDWPHQWFHVVDWLRQ
QRU DIWHU HLJKW ZHHNV IROORZXS )LJXUH  $OWKRXJK SUHYLRXV VWXGLHV LQ URGHQWV KDYH
VKRZQDSURPLQHQWUROHRIWKHJXWPLFURELRWDLQHQHUJ\KDUYHVWDQGERG\ZHLJKWRXU
ILQGLQJVVXJJHVW WKDWDQWLELRWLFVGRQRWDOWHUHQHUJ\KDUYHVW LQKXPDQV2IQRWH LQURGHQW
VWXGLHV DQLPDOVZHUH H[SRVHG WR DQWLELRWLFV LQ WKHLU GULQNLQJZDWHU IRU WZRXS WR WZHQW\
ZHHNV   6LPLODUO\ PRUH SURORQJHG WUHDWPHQW IRXU WR VL[ ZHHNV ZLWK D
KLJKHU GRVDJH RU D FRPELQDWLRQ RI GLIIHUHQW DQWLELRWLFV LQFUHDVHG ERG\ ZHLJKW LQ
HQGRFDUGLWLV SDWLHQWV  7KHVH VWXGLHV PD\ LQGLFDWH WKDW D ORQJWHUP G\VEDODQFH LQ
PLFURELRWD FRPSRVLWLRQ KDV PRUH SURQRXQFHG HIIHFWV DV FRPSDUHG WR VKRUWWHUP
PDQLSXODWLRQ+RZHYHULWLVKDUGWRGLIIHUHQWLDWHEHWZHHQWKHUROHRIWKHJXWPLFURELRWDDQG
V\VWHPLFHIIHFWVRIDQWLELRWLFVLQWKHODWWHUVWXGLHV1RWHZRUWK\ZHKDYHDSSOLHGDWZRGD\
ZDVKRXW SHULRG EHIRUH SRVWWUHDWPHQW PHDVXUHPHQWV ZHUH SHUIRUPHG WR H[FOXGH WKDW









$QWLELRWLF WUHDWPHQW GRHV QRW DOWHU JXW SHUPHDELOLW\ DQG V\VWHPLF LQIODPPDWRU\
PDUNHUV
:H LQYHVWLJDWHG WKH HIIHFW RI VHYHQ GD\V RI $02; DQG 9$1&2 WUHDWPHQW RQ JXW
SHUPHDELOLW\ DQG WKH UHODWHG WUDQVORFDWLRQ RI EDFWHULDO OLSRSRO\VDFFKDULGH /36 IURP WKH
LQWHVWLQDO OXPHQ LQWR WKH FLUFXODWLRQ 7KH SURQRXQFHG 9$1&2LQGXFHG PLFURELDO
DOWHUDWLRQV ZHUH QRW DFFRPSDQLHG E\ FKDQJHV LQ VPDOO LQWHVWLQH DQG SUR[LPDO FRORQ
SHUPHDELOLW\)LJXUH6DVDVVHVVHGE\DPXOWLVDFFKDULGHWHVW7KLVLVLQDFFRUGDQFH
ZLWK XQFKDQJHG /36ELQGLQJ SURWHLQ /%3 FRQFHQWUDWLRQV DIWHU 9$1&2 DQG $02;
WUHDWPHQW DV FRPSDUHG WR 3/$ 7DEOH  /36 ZKLFK LV UHOHDVHG E\ *UDPQHJDWLYH
EDFWHULDPD\ WULJJHU WKH LPPXQHV\VWHPE\ LQFUHDVLQJ LQIODPPDWRU\F\WRNLQHSURGXFWLRQ
LQ$7DQG LV IUHTXHQWO\ XVHG DV DQ LQGLFDWRU RIPHWDEROLF HQGRWR[HPLD7KHUHIRUHZH
KDYH DGGLWLRQDOO\ GHWHUPLQHG SODVPD LQWHUOHXNLQ ,/ ,/ DQG WXPRU QHFURVLV IDFWRU
71)D FRQFHQWUDWLRQV ,Q OLQH ZLWK XQFKDQJHG /%3 FRQFHQWUDWLRQV QHLWKHU RI WKHVH
LQIODPPDWRU\IDFWRUVZDVDIIHFWHGE\VHYHQGD\9$1&2RU$02;DVFRPSDUHGWR3/$









)LJXUH  7KH HIIHFW RI  GD\V SODFHER DPR[LFLOOLQ DQG YDQFRP\FLQ RQ HQHUJ\ H[SHQGLWXUH VXEVWUDWH PHWDEROLVP
DQG IHFDO HQHUJ\ H[FUHWLRQ 'DWD DUH JLYHQ DV PHDQV  6(0 ,QGLUHFW FDORULPHWU\ ZDV SHUIRUPHG GXULQJ IDVWLQJ FRQGLWLRQV
DQG IRU  KRXUV DIWHU LQWDNHRI D OLTXLGKLJK IDWPL[HGPHDO +)00 LQ D VXEJURXSRIQ 0HDQ2FRQVXPSWLRQ DQG&2
SURGXFWLRQ RYHU  PLQXWHV ZHUH XVHG IRU FDOFXODWLRQV $' )DVWLQJ UHVSLUDWRU\ TXRWLHQW 54 HQHUJ\ H[SHQGLWXUH ((
FDUERK\GUDWH R[LGDWLRQDQG IDW R[LGDWLRQ GLG QRW GLIIHU DIWHU LQWHUYHQWLRQ WLPHîWUHDW 3 YDOXH ! ,QFUHPHQWDO $8&¶V DIWHU




PDLQO\ &ORVWULGLXP FOXVWHUV ;,9D DQG ,9 LQFOXGLQJ &RSURFRFFXV HXWDFWXV DQG )
SUDXVQLW]LL VRPH RI ZKLFK DUH DOVR LQYROYHG LQ %$ GHK\GUR[\ODWLRQ  ,QGHHG
ZH IRXQG D GHFUHDVHG UHODWLYH DEXQGDQFH RI WKHVH JURXSV DIWHU 9$1&2 ZKLFK
ZDV DFFRPSDQLHG E\ D PDUNHG UHGXFWLRQ LQ SODVPD 3  DQG IHFDO
3  FRQFHQWUDWLRQV RI VHFRQGDU\%$DV FRPSDUHG WR 3/$ )LJXUH  7KLVZDV
DFFRPSDQLHG E\ DQ LQFUHDVH RI IHFDO SULPDU\ %$ 3  ,Q DGGLWLRQ IHFDO 6&)$
FRQFHQWUDWLRQV DFHWDWH 3  EXW\UDWH 3 FDSURDWH 3 DQG YDOHUDWH
3  ZHUH VLJQLILFDQWO\ GHFUHDVHG IROORZLQJ 9$1&2 ZKLOVW LQ SODVPD RQO\
EXW\UDWH WHQGHG WR GHFUHDVH DIWHU 9$1&2 3  EXW QRW IROORZLQJ $02;
WUHDWPHQW )LJXUH  $OWKRXJK%$ DQG 6&)$PD\ FRQWURO LQFUHWLQ UHOHDVH  DQG
DIIHFWHQHUJ\PHWDEROLVPLQURGHQWV QR HIIHFWV RQ SRVWSUDQGLDO HQHUJ\ DQG VXEVWUDWH
PHWDEROLVP DQG IDVWLQJ DQG SRVWSUDQGLDO JOXFDJRQOLNH SHSWLGH  */3
FRQFHQWUDWLRQV ZHUH IRXQG LQ WKH SUHVHQW VWXG\7DEOH
ate Ͷ 

7DEOH  (IIHFW RI  GD\V SODFHER DPR[LFLOOLQ DQG YDQFRP\FLQ RQ PHWDEROLF
LQIODPPDWRU\DQGKRUPRQDOSDUDPHWHUV
9DULDEOH 3/$1  $02;1  9$1&21  3YDOXHD
)DVWLQJSODVPDPHWDEROLWHDQG$1*37/FRQFHQWUDWLRQV
*OXFRVHP0 3UH    E
3RVW   
7$*P0 3UH    
3RVW   
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X0 3UH 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 
/DFWDWHP0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3RVW   
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)DVWLQJSODVPDKRUPRQHFRQFHQWUDWLRQV
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SPROO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3RVW 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P8O 3UH    
3RVW   
/HSWLQ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 3UH    E
3RVW   
3RVWSUDQGLDOKSODVPDKRUPRQHFRQFHQWUDWLRQV
*/3L$8&PLQ 3UH    
3RVW   
,QVXOLQ
L$8& L 
3UH    
3RVW   
)DVWLQJLQIODPPDWRU\PDUNHUFRQFHQWUDWLRQV
/%3SJPO 3UH    
3RVW   
,/SJPO 3UH    
3RVW   
,/SJPO 3UH  F  
3RVW   
71)ĮSJPO 3UH  F  
3RVW   
L 
'DWDDUHPHDQ6(0)RUGHWHUPLQDWLRQRISODVPDKRUPRQHVDQGPHWDEROLWHVRQO\DVXEJURXSRIQ ZDVDQDO\]HG7KHUHZHUH
QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH JURXSV DIWHU LQWHUYHQWLRQ 3RVW FRPSDUHG WR EDVHOLQH 3UH 7ULDF\OJO\FHURO 7$* IUHH
IDWW\ DFLGV ))$ JOXFDJRQOLNH SHSWLGH */3 DQJLRSRLHWLQOLNH  $1*37/ OLSRSRO\VDFFKDULGHELQGLQJ SURWHLQ /%3




4et o t ioiota anilation  antiioti on ot etaoli in oee anǣ a andoied doleǦlind laeoǦontolled tial 

$QWLELRWLF WUHDWPHQW DOWHUV DGLSRVH WLVVXH JHQH H[SUHVVLRQ EXW QRWDGLSRF\WH
PRUSKRORJ\
7R GHWHUPLQH WKH HIIHFW RI DQ DOWHUHG JXW PLFURELRWD FRPSRVLWLRQ RQ $7 ZH FROOHFWHG
DEGRPLQDO VXEFXWDQHRXV $7 ELRSVLHV WR H[DPLQH DGLSRF\WH VL]H DQG JHQHH[SUHVVLRQ
SURILOHV XVLQJ$II\PHWUL[PLFURDUUD\ WUDQVFULSWRPLF DQDO\VLV $QWLELRWLFWUHDWPHQW KDG QR
VLJQLILFDQW HIIHFW RQ DEGRPLQDO VXEFXWDQHRXV DGLSRF\WH VL]H DQG WKH SURSRUWLRQ RI
VPDOO DQG ODUJH DGLSRF\WHV QHLWKHU GLUHFWO\ DIWHU WUHDWPHQW FHVVDWLRQ QRU DW HLJKW ZHHNV
IROORZXS)LJXUH 6 5HPDUNDEO\ ZKHQ FRPSDULQJ WKH JHQHH[SUHVVLRQ GDWD ZLWK
WKH .\RWR (QF\FORSHGLD RI *HQHV DQG *HQRPHV .(** ZHIRXQG WKDW 9$1&2 DQG
WR D OHVVHU H[WHQW $02; LQFUHDVHG $7 H[SUHVVLRQ RIJHQHV LQYROYHG LQ SDWKZD\V
UHODWHG WR SHUR[LVRPHSUROLIHUDWRU DFWLYDWHG UHFHSWRU33$5VLJQDOLQJ DQG RI JHQHV
HQFRGLQJ SURWHLQV LQYROYHG LQ WKH PLWRFKRQGULDO.UHEV F\FOH IDWW\ DFLG GHJUDGDWLRQ
DQG RWKHU FRPSRQHQWV RI WKH R[LGDWLYH PDFKLQHU\ VXJJHVWLYH RI LQFUHDVHG R[LGDWLYH
PHWDEROLVP LQ $7 )LJXUH 6 ,Q DGGLWLRQ 9$1&2 GHFUHDVHG WKH H[SUHVVLRQ RI
KLVWRQH FOXVWHULQJ JHQHV $OWKRXJK ZH IRXQG QR GLIIHUHQFHV LQ DGLSRF\WH PRUSKRORJ\
DQG FLUFXODWLQJ))$7$* OHSWLQ DQGDQJLRSRLHWLQOLNH  $1*37/ FRQFHQWUDWLRQV





FRQWUDVW JHQHV UHODWHG WR O\VRVRPDO EUHDNGRZQ ZHUH XSUHJXODWHG DV FRPSDUHG WR 3/$
7DEOH6/RZHU1)Ȁ%GHSHQGHQWJHQHH[SUHVVLRQDQGGLPLQLVKHG1.DQG&'7
FHOOIXQFWLRQLQPDFURSKDJHVKDYHEHHQREVHUYHGLQJHUPIUHHDQGDQWLELRWLFWUHDWHGPLFH
,Q WKH ODWWHU VWXG\ WKH HIIHFWV ZHUH DVFULEHG WR D UHGXFHG DFWLYDWLRQ RI )DUQHVRLG ;
UHFHSWRUVE\DUHGXFWLRQRIXQFRQMXJDWHGDQGVHFRQGDU\%$ZKLFKVHHPVLQOLQHZLWKWKH
SUHVHQW ILQGLQJV ,Q DGGLWLRQ DOWKRXJK WKH H[DFW UROH RI 6&)$ LQ WKH V\VWHPLF DQG $7
LPPXQHFHOOUHVSRQVHVLVXQNQRZQ 6&)$PD\EHLQYROYHGLQWKHUHJXODWLRQRI7FHOOVLQ
WKHJXW DQGSHULSKHUDO WLVVXHVYLD WKH*SURWHLQ FRXSOHG UHFHSWRU  'HVSLWH WKH
HIIHFWV RI DQWLELRWLF WUHDWPHQW RQ WKH .(**SDWKZD\V GHVFULEHG DERYH QR VLJQLILFDQW









$OWKRXJK RYHUDOO KRVW PHWDEROLVP GLG QRW FKDQJH VLJQLILFDQWO\ IROORZLQJ DQWLELRWLF
WUHDWPHQW ZH XVHG XQLYDULDWH DQG PXOWLYDULDWH VWDWLVWLFV UHGXQGDQF\ DQDO\VLV WR DVVHVV





)XUWKHUPRUHZH LQYHVWLJDWHGZKHWKHUZH FRXOG LGHQWLI\ DQG FRQQHFW SDWWHUQV RI VSHFLILF
PHWDEROLFDQGRUPLFURELRORJLFDOSHUWXUEDWLRQVZLWKWKHUHVSRQVHWRWKHLQWHUYHQWLRQ)LUVW
ZH HYDOXDWHG WKH VWUDWLILFDWLRQ RI VXEMHFWV EDVHG RQ WKH H[WHQW RI WKH PLFURELDO VKLIW LQ
GLYHUVLW\DVZHOODVPLFURELDOFRPSRVLWLRQ6HFRQGO\EDVHGRQWKHH[WHQWDQGGLUHFWLRQRI
WKH PHWDEROLF UHVSRQVH WR WKH LQWHUYHQWLRQ ZH XVHG XQLYDULDWH DQG FOXVWHU DQDO\VLV WR
GLVFRYHU PLFURELDO SDWWHUQV /DVWO\ ZH XVHG ODWHQW FODVV DQDO\VLV WR GHILQH JURXSV RI
VXEMHFWV ZLWK FHUWDLQ PHWDEROLF SDWWHUQV EHIRUH DQG DIWHU WUHDWPHQW 1HLWKHU RI WKHVH
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WLPHPLQ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
DQDO\VHV VKRZHG JURXSV RI LQGLYLGXDOV ZLWK VSHFLILF DVVRFLDWLRQV RI WKH PLFURELRWD ZLWK
KRVWPHWDEROLFSDUDPHWHUVGDWDQRWVKRZQ
)LJXUH  7KH HIIHFW RI  GD\V SODFHER DPR[LFLOOLQ DQG YDQFRP\FLQ RQ SODVPD DQG IHFDO VKRUW FKDLQ IDWW\ DFLG












































































































,Q WKH SUHVHQW VWXG\ ZH GHPRQVWUDWHG WKDW VHYHQ GD\V 9$1&2 WUHDWPHQW
PDUNHGO\ DIIHFWHG PLFURELDO GLYHUVLW\ DQG FRPSRVLWLRQ ZKLFK ZDV DFFRPSDQLHG
E\ D UHGXFHG FRQYHUVLRQ RI SULPDU\ WR VHFRQGDU\ %$ DQG D ORZHU SURGXFWLRQ
RI 6&)$ LQ WKH JXW ,PSRUWDQWO\ WKHVH DOWHUDWLRQV GLG QRW WUDQVODWH LQWR
VLJQLILFDQW HIIHFWV RQ SHULSKHUDO KHSDWLF DQG $7 LQVXOLQ VHQVLWLYLW\ HQHUJ\ DQG
VXEVWUDWH PHWDEROLVP DQG V\VWHPLF ORZJUDGH LQIODPPDWLRQ LPPHGLDWHO\ DIWHU
WUHDWPHQW FHVVDWLRQ 0RUHRYHU QR FOLQLFDOO\ UHOHYDQW HIIHFWV RQ HQHUJ\ KDUYHVW
DEGRPLQDO VXEFXWDQHRXV DGLSRF\WH VL]H DQG ZKROHERG\ LQVXOLQ VHQVLWLYLW\
+20$,5ZHUH IRXQG DW HLJKWZHHNV IROORZXS ,Q FRQWUDVW WR9$1&2 QR HIIHFWV RI
$02; WUHDWPHQW RQ JXW PLFURELDO FRPSRVLWLRQ PHWDEROLF DQG LQIODPPDWRU\ SDUDPHWHUV
ZHUH IRXQG 7DNHQ WRJHWKHU WKH SUHVHQW VWXG\ LPSOLHV WKDW LQWHUIHUHQFH ZLWK D UHVLOLHQW
DGXOW PLFURELRWD E\ DQWLELRWLFV KDV QR FOLQLFDOO\ UHOHYDQW VKRUWWHUP VHYHQ GD\V DQG
ORQJWHUPHLJKWZHHNV HIIHFWVRQ WKHPHWDEROLFSDUDPHWHUVPHDVXUHG LQ WKLV VWXG\7KLV
FRQWUDGLFWVPDQ\ SUHYLRXV URGHQW VWXGLHV DQG DJDLQ KLJKOLJKWV WKDW URGHQW GDWD FDQQRW
DOZD\V EH H[WUDSRODWHGWRKXPDQV
1RWHZRUWK\ VHYHUDO QXDQFHV KDYH WR EH PDGH ZLWK UHVSHFW WR WKH FRQFOXVLRQV RI WKH
SUHVHQWVWXG\ )LUVW VLQFH ZH VWXGLHG REHVH LQVXOLQ UHVLVWDQW PHQ ZLWK LPSDLUHG
JOXFRVH PHWDEROLVPZH FDQQRW H[FOXGH WKDWPLFURELRWDPDQLSXODWLRQE\ DQWLELRWLFVPD\
KDYHPRUH SURQRXQFHG HIIHFWV LQZRPHQ RU OHVVPHWDEROLFDOO\ FRPSURPLVHG LQGLYLGXDOV
6HFRQGO\ WKH GXUDWLRQ RI WKH LQWHUYHQWLRQ ZDV UHODWLYHO\ VKRUW FRPSDUHG WR URGHQW
VWXGLHV )XUWKHUPRUH LW KDV EHHQ GHPRQVWUDWHG WKDW WKH ULVN RI GHYHORSLQJ W\SH 
GLDEHWHV ZDV LQFUHDVHG ZKHQ VXEMHFWV ZHUH H[SRVHG WR ! DQWLELRWLF WUHDWPHQWV DQG
WKDW WKH QXPEHU RI SUHVFULSWLRQV PD\ DFFHOHUDWH WKH DJHLQJUHODWHG GHFOLQH RI LQWHVWLQDO
LQWHJULW\2IQRWHWKHSDUWLFLSDQWVWKDWZHUH LQFOXGHG LQ WKH SUHVHQW VWXG\ KDG UHFHLYHG
RQ DYHUDJH  DQWLELRWLF WUHDWPHQWV RYHU WKHSDVW\HDUVZLWKRXWDQ\DQWLELRWLFXVH
PRQWKV SULRU WR WKH VWDUW RI WKH VWXG\ $V PHQWLRQHG DERYH VHYHUDO VWXGLHV KDYH
LQGLFDWHG WKDW D ORQJWHUP RU PRUH IUHTXHQW SHUWXUEDWLRQ LQ PLFURELRWD FRPSRVLWLRQ
PD\ KDYH PRUH SURQRXQFHG HIIHFWV RQ PHWDEROLF KHDOWK WKDQ VKRUWWHUP PDQLSXODWLRQ
)RU WKLV UHDVRQ LW LV LPSRUWDQW WR HPSKDVL]H WKDW WKH SUHVHQW VWXG\ GRHV QRW H[FOXGH DQ
LPSRUWDQW UROH IRU WKHJXWPLFURELRWDPDQLSXODWLRQV LQ FKDQJHVRIKRVWPHWDEROLVP7KLV
VKRXOG EH IXUWKHU LQYHVWLJDWHG LQ IXWXUH SURVSHFWLYH DQG ORQJWHUPGLHWDU\SUHELRWLFDQG
RUSURELRWLFLQWHUYHQWLRQVWXGLHVLQKXPDQV




'DWD DUH PHDQ  6(0 Q  )DVWLQJ W  DQG SRVWSUDQGLDO FRQFHQWUDWLRQV RI $ DUWHULDOL]HG JOXFRVH % ODFWDWH & IUHH














)LJXUH 6 7KH HIIHFW RI YDQFRP\FLQ DPR[LFLOOLQ DQG SODFHER
WUHDWPHQW IRU  GD\V RQ ZKROHERG\ LQVXOLQ VHQVLWLYLW\
GLUHFWO\ DIWHU FHVVDWLRQ RI WUHDWPHQW DQG DW ZHHNV IROORZ
XS'DWD DUH PHDQ  6(0 Q  $02; DQG 9$1&2 GLG QRW
DIIHFW ZKROHERG\ LQVXOLQ VHQVLWLYLW\ UHIOHFWHG E\ WKH
KRPHRVWDVLV PRGHO DVVHVVPHQW RI LQVXOLQ UHVLVWDQFH +20$,5
7KHUH ZDV D WUHQG IRU D WLPHHIIHFW EXW QR WLPHîWUHDWPHQW HIIHFW
IRU )8 FRPSDUHG WR EDVHOLQH3  35( EDVHOLQH YDOXHV
3267 YDOXHV GLUHFWO\ DIWHU WUHDWPHQW FHVVDWLRQ )8 YDOXHV DW 
ZHHNVIROORZXS
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4et o t ioiota anilation  antiioti on ot etaoli in oee anǣ a andoied doleǦlind laeoǦontolled tial 

)LJXUH 67KH HIIHFW RI YDQFRP\FLQ DPR[LFLOOLQ DQG SODFHER WUHDWPHQW IRU GD\V RQJXWSHUPHDELOLW\ %DUV UHSUHVHQW
PHDQV6(0Q 7RGHWHUPLQHJXWSHUPDELOLW\XULQHZDVFROOHFWHGLPPHGLDWHO\EHIRUHGULQNLQJDPXOWLVDFFKDULGHPL[W
DW W  DQG W PLQXWHV$02; DQG9$1&2 GLG QRW DIIHFW $ JDVWURGXRGHQDO SHUPHDELOLW\ DV H[SUHVVHG E\ WKH XULQDU\
VXFURVHFRQFHQWUDWLRQDWW PLQ%VPDOOLQWHUVWLQHSHUPHDELOLW\H[SUHVVHGE\WKHODFWXORVHUKDPQRVHUDWLRXULQHFROOHFWLRQ
PLQ&SUR[LPDOFRORQSHUPHDELOLW\VXFODURVHHU\WKULWROUDWLRXULQHFROOHFWLRQPLQ
)LJXUH 6 $EGRPLQDO VXEFXWDQHRXV DGLSRF\WH PRUSKRORJ\ EHIRUH DQG LPPHGLDWHO\ DIWHU SODFHER DPR[LFLOOLQ DQG
YDQFRP\FLQWUHDWPHQW DVZHOODV DIWHU ZHHNV IROORZXS.5HSUHVHQWDWLYH VHFWLRQV RIVWDLQHGDGLSRVH WLVVXHZHUHXVHG IRU





















































































































































































WLVVXH JHQH H[SUHVVLRQ $ 8SUHJXODWHG JHQHV % GRZQUHJXODWHG JHQHV GHWHUPLQHG LQ DGLSRVH WLVVXH ELRSVLHV Q  7KH
KHDWPDS VKRZVSDWKZD\V UHODWHG WRPHWDEROLF IXQFWLRQ .\RWR(QF\FORSHGLDRI*HQHVDQG*HQRPHV .(**GDWDEDVHGHULYHG
IURP *HQH 6HW (QULFKPHQW $QDO\VLV 6LJQDO ORJUDWLR¶V 6/5 RI JHQHV LQ WKH KHDWPDS UHSUHVHQW JHQHV WKDW VLJQLILFDQWO\
FRQWULEXWH WR WKH GHVFULEHG SDWKZD\V )'5 TYDOXH  &RORU LQ WKH KHDWPDS UHIOHFWV WKH 6/5 SHU VXEMHFW DQG JURXS ZLWK
EOXH FRORU EHLQJ GRZQUHJXODWHG DQG UHG FRORU EHLQJ XSUHJXODWHG JHQHV IROORZLQJ WUHDWPHQW & 6FKHPDWLF LOOXVWUDWLRQ RI
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oiota anilation  antiioti on ot etaoli in oee anǣ a andoied doleǦlind la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
 7KLVWDEOHVKRZVEDFWHULDWD[DWKDWZHUHVLJQLILFDQWO\GLIIHUHQWDIWHUSODFHERRUYDQFRP\FLQWUHDWPHQWXVLQJOLQHDU
PL[HG PRGHOV LQ DGGLWLRQ WR EHWZHHQJURXS DQDO\VLV DV GHWHUPLQHG E\ SDLUHG :LO[RFRQ WHVW %+DGMXVWPHQW
%HQMDPLQL±+RFKEHUJFRUUHFWHG
BH_ 
adjusted P value 
log fold change 
within vancomycine 
log fold change 
within placebo 
1.46E-02 1.91E-03 1.62262964 -0.036098988 
4.57E-02 1.09E-02 1.52679587 -0.338380905 
1.52E-02 2.35E-03 1.4508797 0.075849958 
6.98E-05 5.37E-07 -1.39338187 -0.026993041 
2.96E-03 1.25E-04 1.33243286 -0.114103865 
1.20E-02 1.29E-03 1.25172537 -0.051553 
1.07E-02 1.07E-03 1.19017372 -0.144882415 
9.21E-03 8.50E-04 1.14016546 -0.267960043 
1.51E-02 2.21E-03 1.103251 -0.158269081 
2.73E-02 4.83E-03 1.08875593 -0.225845465 
4.03E-02 9.31E-03 1.05973413 -0.123118158 
9.45E-04 2.91E-05 -0.99977749 0.008042942 
1.44E-02 1.77E-03 0.91030989 -0.036075241 
3.30E-02 7.11E-03 -0.85859596 -0.132395735 
3.21E-02 6.66E-03 0.82835965 -0.156871014 
1.92E-02 3.15E-03 -0.8215981 -0.144113787 
7.84E-04 1.81E-05 -0.8001288 -0.016009582 
6.70E-03 4.64E-04 -0.79077723 -0.086406762 
3.21E-02 6.43E-03 0.78609501 -0.130157333 
3.21E-02 6.48E-03 -0.76953625 -0.145197198 
1.47E-02 2.04E-03 0.66699492 -0.054689642 
3.21E-02 6.35E-03 -0.54038979 -0.096457386 
2.96E-03 1.37E-04 -0.49661041 -0.135840177 
4.99E-02 1.23E-02 -0.3206781 0.003000548 
7.84E-04 1.72E-05 0.30211314 -0.045063251 
3.56E-02 7.93E-03 -0.28758184 -0.020381399 
5.00E-03 3.07E-04 -0.26460033 -0.082852343 
1.27E-02 1.47E-03 0.18320543 -0.092371693 
7.26E-03 6.14E-04 0.15800988 -0.079697689 
1.92E-02 3.25E-03 -0.06422419 -0.034350517 
3.79E-03 2.04E-04 0.02943863 0.005546336 
Table S (related to Figure 1). Significantly different microbial taxa after 7 days intervention with vancomycin and 
placebo in feces using linear mixed models 
Coprococcus eutactus et rel.  
Ruminococcus bromii et rel.  
Faecalibacterium prausnitzii et rel. 
Lactobacillus plantarum et rel.  
Eubacterium hallii et rel.  
Ruminococcus obeum et rel.  
Lachnospira pectinoschiza et rel.  
Clostridium cellulosi et rel.  
Clostridium nexile et rel.  
Anaerostipes caccae et rel.  
Dorea formicigenerans et rel.  
Veillonella 
Clostridium sphenoides et rel.  
Serratia 
Papillibacter cinnamivorans et rel.  
Klebisiella pneumoniae et rel.  
Megasphaera elsdenii et rel.  
Escherichia coli et rel.  
Lachnobacillus bovis et rel.  
Enterobacter aerogenes et rel.  
Anaerovorax odorimutans et rel.  
Sutterella wadsworthia et rel.  
Granulicatella 
Lactobacillus salivarius et rel.  
Collinsella 
Eubacterium cylindroides et rel.  
Clostridium difficile et rel.  
Bifidobacterium 






%DFWHULD 0'$ %DFWHULD 0'$
.OHEVLHOODSQHXPRQLDHHWUHO ( %DFWHURLGHVVWHUFRULVHWUHO (
&ORVWULGLXPOHSWXPHWUHO ( 2XWJURXSLQJ&ORVWULGLXPFOXVWHU;,9D (
&ORVWULGLXPQH[LOHHWUHO ( 6WUHSWRFRFFXVPLWLVHWUHO (
/DFKQREDFLOOXVERYLVHWUHO ( <HUVLQLDHWUHO (
0HJDVSKDHUDHOVGHQLLHWUHO ( %U\DQWHOODIRUPDWH[LJHQVHWUHO (
6HUUDWLD ( 6XEGROLJUDQXOXPYDULDEOHDWUHO (
9HLOORQHOOD ( &ORVWULGLXPVSKHQRLGHVHWUHO (
(XEDFWHULXPKDOOLLHWUHO ( 3DSLOOLEDFWHUFLQQDPLYRUDQVHWUHO (
&ORVWULGLXPV\PELRVXPHWUHO ( *UDQXOLFDWHOOD (
3UHYRWHOODWDQQHUDHHWUHO ( 6WUHSWRFRFFXVLQWHUPHGLXVHWUHO (
8QFXOWXUHG&ORVWULGLDOHV, ( (XEDFWHULXPELIRUPHHWUHO (
/DFKQRVSLUDSHFWLQRVFKL]DHWUHO ( &ORVWULGLXPVWHUFRUDULXPHWUHO (
5XPLQRFRFFXVJQDYXVHWUHO ( &RSURFRFFXVHXWDFWXVHWUHO (
5XPLQRFRFFXVODFWDULVHWUHO ( )DHFDOLEDFWHULXPSUDXVQLW]LLHWUHO (
(QWHUREDFWHUDHURJHQHVHWUHO ( (XEDFWHULXPUHFWDOHHWUHO (
'RUHDIRUPLFLJHQHUDQVHWUHO ( $FWLQRP\FHWDFHDH (
8QFXOWXUHG&ORVWULGLDOHV,, ( 6WUHSWRFRFFXVERYLVHWUHO (
6SRUREDFWHUWHUPLWLGLVHWUHO ( &RSUREDFLOOXVFDWHQDIRUPLVHWUHO (
/DFWREDFLOOXVSODQWDUXPHWUHO ( %DFWHURLGHVVSODFKQLFXVHWUHO (
%DFWHURLGHVYXOJDWXVHWUHO ( 8QFXOWXUHG0ROOLFXWHV (
(XEDFWHULXPYHQWULRVXPHWUHO ( $QDHURIXVWLV (
%DFWHURLGHVSOHEHLXVHWUHO ( (XEDFWHULXPF\OLQGURLGHVHWUHO (
%XW\ULYLEULRFURVVRWXVHWUHO ( $QHXULQLEDFLOOXV (
$QDHURVWLSHVFDFFDHHWUHO ( %DFWHURLGHVRYDWXVHWUHO (
$QDHURYRUD[RGRULPXWDQVHWUHO ( 0HWK\OREDFWHULXP (
&ORVWULGLXPRUELVFLQGHQVHWUHO ( (XEDFWHULXPVLUDHXPHWUHO (
(VFKHULFKLDFROLHWUHO ( 3HSWRFRFFXVQLJHUHWUHO (
$QDHURWUXQFXVFROLKRPLQLVHWUHO ( &ROOLQVHOOD (
&ORVWULGLXPFHOOXORVLHWUHO ( 3UHYRWHOODPHODQLQRJHQLFDHWUHO (
%DFWHURLGHVXQLIRUPLVHWUHO ( (JJHUWKHOODOHQWDHWUHO (
5XPLQRFRFFXVREHXPHWUHO ( &DWHQLEDFWHULXPPLWVXRNDLHWUHO (
5XPLQRFRFFXVEURPLLHWUHO ( %XUNKROGHULD (
2VFLOORVSLUDJXLOOHUPRQGLLHWUHO ( 9LEULR (
5RVHEXULDLQWHVWLQDOLVHWUHO ( 8QFXOWXUHG&KURRFRFFDOHV (
%DFWHURLGHVLQWHVWLQDOLVHWUHO ( %UDFK\VSLUD (
5XPLQRFRFFXVFDOOLGXVHWUHO (
7KLV WDEOH VKRZV WKHPHDQ GHFUHDVH DFFXUDF\ RI EDFWHULDO WD[D WKDWZHUH DOVR IRXQG WR EH DOWHUHG DIWHU  GD\V
YDQFRP\FLQ WUHDWPHQW DV GHWHUPLQHG E\ SDLUHG:LOFR[RQ WHVW0'$ PHDQ GHFUHDVH DFFXUDF\ UHSUHVHQWV WKH
LPSDFWRIEDFWHULDOWD[DRQWKHDFFXUDF\RIWKHPRGHO
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,Q DGGLWLRQ QR KXPDQ GDWD DUH DYDLODEOH WR LQYHVWLJDWH ZKHWKHU WLVVXHVSHFLILF LQVXOLQ
VHQVLWLYLW\LVUHODWHGWRDVSHFLILFPLFURELDOSDWWHUQ$LP7RH[DPLQHWKHUHODWLRQEHWZHHQ
PLFURELRWD FRPSRVLWLRQ DW WKH JHQXV OHYHO DQG WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ LQ WZR
LQGHSHQGHQWFRKRUWVRIRYHUZHLJKWDQGREHVHSUHGLDEHWLFPHQ0HWKRGV)HFDOPLFURELRWD
FRPSRVLWLRQ ZDV FKDUDFWHUL]HG XVLQJ WKH +,7&KLS D 6 ULERVRPDO 51$ JHQH WDUJHWHG
PLFURDUUD\ ,Q DOO VXEMHFWV KHSDWLF SHULSKHUDO DQG DGLSRVH WLVVXH LQVXOLQ VHQVLWLYLW\ZHUH
GHWHUPLQHGE\DWZRVWHSK\SHULQVXOLQHPLFHXJO\FHPLFFODPSZLWK>+@JOXFRVHWUDFHU
LQIXVLRQ5DQGRPIRUHVWFODVVLILFDWLRQDQGOLQHDUDQGORJLVWLFUHJUHVVLRQDQDO\VLVZHUHXVHG
WR LQYHVWLJDWH WKH UHODWLRQ EHWZHHQ EDFWHULDO DEXQGDQFH DW WKH JHQXV OHYHO DQG WLVVXH
VSHFLILF LQVXOLQ VHQVLWLYLW\ 5HVXOWV 'HVSLWH WKH VWURQJO\ VXEMHFWVSHFLILF PLFURELRWD
FRPSRVLWLRQ ZH IRXQG VRPH DVVRFLDWLRQV RI PLFURELDO JURXSV ZLWK KRVW SDUDPHWHUV
+RZHYHUWKHVHDVVRFLDWLRQVZHUHFRKRUWVSHFLILFGXHWRSURQRXQFHGYDULDWLRQLQPLFURELRWD
FRPSRVLWLRQEHWZHHQFRKRUWVVXJJHVWLQJWKHH[LVWHQFHRIDOWHUQDWLYHVWDWHVIRUG\VELRVLVLQ
PHWDEROLF V\QGURPH SDWLHQWV 5HPDUNDEO\ LQ QHLWKHU RI WKH FRKRUWV WKHUH ZDV DQ\
UHODWLRQVKLS EHWZHHQ PLFURELDO FRPSRVLWLRQ DQG WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\
&RQFOXVLRQ 2XU ILQGLQJV GR QRW SUHGLFW D SK\VLRORJLFDOO\ VLJQLILFDQW UROH RI WKH JXW
PLFURELRWD LQKRVW LQVXOLQ VHQVLWLYLW\ZKHQ WKHRYHUZHLJKW DQGRU REHVH VWDWH KDV DOUHDG\
GHYHORSHG DQG DUJXH WKDW FDUH VKRXOG EH WDNHQZKHQ VLJQLILFDQW FRUUHODWLRQV IURP VLQJOH
FRKRUWVDUHH[WUDSRODWHGLQWRJHQHUDOL]HGELRORJLFDOUHOHYDQFH
5iitedǡ indiidalǦ and ootǦeii atten o t ioiota ooition aoiated it tieǦeii inlin enitiit in oeeit and oee ale 

,QWURGXFWLRQ
7KHUH LV LQFUHDVLQJ HYLGHQFH WR VXJJHVW WKDW RXU JXW PLFURELRPH LV DVVRFLDWHG ZLWK WKH
GHYHORSPHQW RI REHVLW\ LQVXOLQ UHVLVWDQFH DQG GLDEHWHV PHOOLWXV W\SH  7'0 7KLV
FRQFHSW ZDV ILUVW GHVFULEHG LQ VWXGLHV LQ ZKLFK JHUPIUHH PLFH VKRZHG OHVV DGLSRVLW\
LPSURYHGLQVXOLQVHQVLWLYLW\DQGJOXFRVHWROHUDQFHDVFRPSDUHGWRFRQYHQWLRQDOL]HGPLFH
 /DWHU VWXGLHV VKRZHG WKDW WKH PLFURELRWD FRPSRVLWLRQ RI OHDQ REHVH GLDEHWLF YV
KHDOWK\ PLFH DQG KXPDQV GLIIHU    0LFURELDO DQDO\VHV RI ODUJH JHQRPHZLGH
DVVRFLDWLRQVWXGLHVVKRZHGWKDWSDWLHQWVZLWK7'0DUHFKDUDFWHUL]HGE\DGHFUHDVHLQWKH
DEXQGDQFH RI XQLYHUVDO EXW\UDWHSURGXFHUV DQG DQ LQFUHDVH LQ YDULRXV RSSRUWXQLVWLF
SDWKRJHQV   1HYHUWKHOHVVEHWZHHQVWXGLHV WKHUH LVDQRYHUDOO ODFNRIFRQVLVWHQF\
UHJDUGLQJ WKH LGHQWLILHG PLFURELDO ELRPDUNHUV DQG SXWDWLYH PHFKDQLVPV XQGHUO\LQJ WKH




ZLWK WKH REVHUYDWLRQ WKDW WKLV SKHQRW\SH FDQ EH H[SHULPHQWDOO\ WUDQVIHUUHG LQ PLFH E\
PLFURELRWD WUDQVSODQWDWLRQ +RZHYHU PLFURELDO VLJQDWXUHV ZHUH QRW FRQVLVWHQW EHWZHHQ
VWXGLHVHYHQZKHQWKHGDWDZHUHDQDO\VHGLQWKHVDPHZD\)XUWKHUPRUHWKHFRPSDULVRQ
RI GLVFULPLQDQW PHWDJHQRPLF PDUNHUV IRU 7'0 LQ (XURSHDQ ZRPHQ  DQG &KLQHVH
LQGLYLGXDOV UHYHDOHG FRKRUW VSHFLILF GLIIHUHQFHV DQG WKH DXWKRUV FRQFOXGHG WKDW
PHWDJHQRPLFSUHGLFWLYH WRROV IRU7'0VKRXOGEH VSHFLILF IRU WKH DJH DQG JHRJUDSKLFDO
ORFDWLRQRIWKHSRSXODWLRQVVWXGLHG&RUUHVSRQGLQJO\DQRWKHUSXWDWLYHPDUNHUIRUREHVLW\
EDVHGRQWKHJXWPLFURELRPHWKH%DFWHURLGHWHVWR)LUPLFXWHVUDWLR%)SURSRVHGE\/H\
HW DO UHPDLQV FRQWURYHUVLDO DV LW KDV EHHQ FRQILUPHG UHIXWHG DQG HYHQ
FRQWUDGLFWHG
1HYHUWKHOHVV WUDQVSODQWDWLRQ RI WKH PLFURELRWD LQ URGHQWV DQG KXPDQV KDV SURYLGHG
HYLGHQFH IRU WKH FDXVDO UROH RI WKH PLFURELRWD LQ DGLSRVLW\ DQG PHWDEROLF KHDOWK )HFDO
WUDQVSODQWDWLRQIURPREHVH LQWRJHUPIUHHPLFHVLJQLILFDQWO\LQFUHDVHGDGLSRVLW\ DQG
IHFDO WUDQVSODQWDWLRQ IURP OHDQ GRQRUV LQWR PHWDEROLF V\QGURPH SDWLHQWV DOWHUHG WKH
UHFLSLHQWV¶PLFURELRWD FRPSRVLWLRQZLWK D FRQFRPLWDQWPLQRU LPSURYHPHQW LQSHULSKHUDO
LQVXOLQVHQVLWLYLW\EDVHGRQUHVSRQGHUVDQGQRQUHVSRQGHUV,QFRQWUDVWZHKDYHUHFHQWO\
GHPRQVWUDWHG WKDW LQWHUIHUHQFHZLWKDGXOWPLFURELRWDE\GD\DQWLELRWLF WUHDWPHQW KDVQR
FOLQLFDOO\ UHOHYDQW LPSDFW RQ KRVW PHWDEROLVP LQ REHVH KXPDQV GHVSLWH GHYLDQW
PLFURELRWD ,PSRUWDQWO\ WKH UHODWLRQVKLS EHWZHHQ JXW PLFURELRWD DQG WLVVXHVSHFLILF
LQVXOLQ DFWLRQ KDV QHYHU EHHQ HVWDEOLVKHG LQ REHVH KXPDQV +HUH ZH LQYHVWLJDWHG WKH
UHODWLRQVKLSEHWZHHQ WKHJXWPLFURELRWDFRPSRVLWLRQDQGDGLSRVH WLVVXHPXVFOHDQG OLYHU
LQVXOLQ VHQVLWLYLW\ E\ PHDQV RI WKH JROGVWDQGDUG WZRVWHS K\SHULQVXOLQHPLFHXJO\FHPLF






:H LQYHVWLJDWHG EDVHOLQH PLFURELRWD FRPSRVLWLRQ LQ UHODWLRQ WR WLVVXHVSHFLILF LQVXOLQ
VHQVLWLYLW\ DQG RWKHU LQGLFDWRUV RI JOXFRVH PHWDEROLVP LQ WZR LQGHSHQGHQW FRKRUWV RI
RYHUZHLJKW DQG REHVH %0,  NJP &DXFDVLDQ PHQ EHWZHHQ  \HDUV ROG
&OLQLFDO7ULDOVJRY1&7 DQG'XWFK7ULDO5HJLVWHU1757KH FRKRUW IURP
0DDVWULFKW 0$$FRQVLVWHGRIVXEMHFWVZLWK LPSDLUHG IDVWLQJJOXFRVH OHYHOV JOXFRVH
FRQFHQWUDWLRQt PPROO DQGRU LPSDLUHG JOXFRVH WROHUDQFH ,*7 K SODVPD JOXFRVH




WKH VWXG\ SURWRFRO ZKLFK ZDV UHYLHZHG DQG DSSURYHG E\ WKH /RFDO 0HGLFDO (WKLFV




RI WKLV VWXG\ ZDV WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ LQVXOLQPHGLDWHG JOXFRVH GLVSRVDO
5G KHSDWLF LQVXOLQ VHQVLWLYLW\ LQVXOLQPHGLDWHG VXSSUHVVLRQ RI HQGRJHQRXV JOXFRVH
SURGXFWLRQVXSSUHVVLRQ(*3DGLSRVHWLVVXH$7LQVXOLQVHQVLWLYLW\LQVXOLQPHGLDWHG
VXSSUHVVLRQRISODVPDIUHHIDWW\DFLGVVXSSUHVVLRQ))$DVGHWHUPLQHGE\DWZRVWHS
K\SHULQVXOLQHPLFHXJO\FHPLF FODPS ZLWK >+@JOXFRVH LQIXVLRQ 7R WKLV HQG RQH






 K %\ YDULDEOH FRLQIXVLRQ RI D JOXFRVH VROXWLRQ HQULFKHG E\  >+@
JOXFRVHWUDFHU SODVPD FRQFHQWUDWLRQV ZHUHPDLQWDLQHG DW PPROO ,Q WKH FRKRUW LQ
$PVWHUGDPLQVXOLQZDVLQIXVHGDWP8PPLQIRUKIROORZHGE\P8PPLQ
IRUK)RUFDOFXODWLRQRI VWHDG\VWDWHNLQHWLFV WKH ODVWPLQXWHVRIHDFKVWHS
DQGP8PPLQLQVXOLQDQGWKHODVWPLQXWHVRIHDFKVWHSDQGP8PPLQ
 LQVXOLQ UHVSHFWLYHO\ ZHUH XVHG IRU WKH WZR FRKRUWV GXULQJ ZKLFK DGGLWLRQDO EORRG
VDPSOHVZHUHWDNHQ
,Q DGGLWLRQ ZH FROOHFWHG IDVWLQJ SODVPD VDPSOHV WR GHWHUPLQH LQVXOLQ DQG JOXFRVH
FRQFHQWUDWLRQV IRU WKH FDOFXODWLRQ RI WKH KRPHRVWDVLV PRGHO DVVHVVPHQW IRU LQVXOLQ
UHVLVWDQFH+20$,5>IDVWLQJLQVXOLQȝ,8POîIDVWLQJJOXFRVHPPROO@DQGȕ
5iitedǡ indiidalǦ and ootǦeii atten o t ioiota ooition aoiated it tieǦeii inlin enitiit in oeeit and oee ale 





%ORRGZDV FROOHFWHG LQWR SUHFKLOOHG WXEHV FHQWULIXJHG DW J DQG SODVPD ZDV VQDS
IUR]HQ DQG VWRUHG DW & XQWLO DQDO\VHV ,VRWRSLF HQULFKPHQW RI SODVPD JOXFRVH ZDV
GHWHUPLQHGE\HOHFWURQLRQL]DWLRQJDVFKURPDWRJUDSK\±PDVVVSHFWURPHWU\DQGH[SUHVVHGDV
WUDFHUWRWUDFHU UDWLR IRU VWHDG\VWDWH FDOFXODWLRQV RI UDWH RI GLVDSSHDUDQFH 5G DQG
HQGRJHQRXVJOXFRVHSURGXFWLRQ(*33ODVPDJOXFRVHDQGJO\FHUROZHUHGHWHUPLQHGZLWK
WKH &REDV)DUD DXWRDQDO\]HU5RFKH 6ZLW]HUODQG 3ODVPD LQVXOLQ ZDV PHDVXUHGZLWK D
GRXEOHDQWLERG\UDGLRLPXQRDVVD\0LOOLSRUH0$86$ DQGSODVPD))$FRQFHQWUDWLRQV









DQG K\EULGL]DWLRQ 'XSOLFDWH K\EULGL]DWLRQV ZLWK D 3HDUVRQ FRUUHODWLRQ ! ZHUH
FRQVLGHUHGIRUIXUWKHUDQDO\VLVDQGPLFURELRWDSURILOHVZHUHJHQHUDWHGE\SUHSURFHVVLQJRI
SUREHOHYHO PHDVXUHPHQWV ZLWK PLQPD[ QRUPDOL]DWLRQ DQG WKH IUR]HQ53$ SUREH
VXPPDUL]DWLRQ LQWR WKUHH SK\ORJHQHWLF OHYHOV RUGHUOLNH JHQXVOLNH ! VHTXHQFH





WKH WZR FRKRUWV D QRQSDLUHG:LOFR[RQ WHVW ZDV XVHG :H SHUIRUPHG OLQHDU UHJUHVVLRQ
PRGHOV XQDGMXVWHG DQGDGMXVWLQJIRU DJH WRGHWHUPLQH WKH DVVRFLDWLRQRIVSHFLILFJHQXV
OLNHEDFWHULDOJURXSV ZLWK WKHYDULDEOHVXQGHU LQYHVWLJDWLRQ LQERWKFRKRUWVVHSDUDWHO\$OO
RXWFRPHYDULDEOHVZHUHVRUWHG LQWRTXDUWLOHV7KHKLJKHVW DQG ORZHVWUDQJHZHUHXVHG IRU
ORJLVWLFUHJUHVVLRQDQG5DQGRP)RUHVWFODVVLILFDWLRQXVLQJWKH5DQGRP)RUHVWDQG52&55
SDFNDJHV  )RU DOO DQDO\VHV %HQMDPLQL±+RFKEHUJ %+ FRUUHFWLRQ ZDV DSSOLHG IRU
PXOWLSOHWHVWLQJ$OODQDO\VHVZHUHSHUIRUPHGLQ5Y3ULQFLSDOFRPSRQHQWDQDO\VLV








DQG UHVSHFWLYHO\ QV0$$SUHVHQWHGZLWKKLJKHU IDVWLQJJOXFRVH FRQFHQWUDWLRQV
YVPPROOSZKHUHDVLQVXOLQFRQFHQWUDWLRQVZHUHORZHUWKDQLQ
WKH$06FRKRUW YV P8OS+RPHRVWDWLFPRGHODVVHVVPHQW IRU






5HPDUNDEO\ WKH DYHUDJH PLFURELRWD FRPSRVLWLRQ LQ ERWK FRKRUWV VKRZHG SURQRXQFHG
GLIIHUHQFHV )LJXUH  :KLOH $FWLQREDFWHULD %LILGREDFWHULXP DQG 3URSLRQLEDFWHULXP
ZHUHPRUH DEXQGDQW LQ WKH0$$FRKRUWPDLQO\JHQXVOLNH JURXSV RI&ORVWULGLXP FOXVWHUV
,9 DQG ;,9D ZHUH PRUH DEXQGDQW LQ WKH $06 FRKRUW 0RUH VSHFLILFDOO\ 6SRUREDFWHU
WHUPLWLGLVHWUHO,93DSLOOLEDFWHUFLQQDPLYRUDQVHWUHO,96XEGROLJUDQXOXPYDULDEOHHW
UHO ,9$QDHURWUXQFXVFROLKRPLQLV HW UHO ,9%XW\ULYLEULR FURVVRWXV HW UHO ;,9D DQG
&ORVWULGLXP V\PELRVXP HW UHO ;,9D RI ZKLFK WKH ODWWHU IRXU DUH NQRZQ WR FRQWDLQ
EXW\UDWHSURGXFLQJ VSHFLHV )LJXUH  ,Q DGGLWLRQWR8QFXOWHUHG&ORVWULDOHV,DQG,,
3&$ DQDO\VLV RI WKH PLFURELRWD FRPSRVLWLRQ GHPRQVWUDWHG WKDW WKH YDULDWLRQ EHWZHHQ
VXEMHFWV IURP0$$ Q  ZDV KLJKHU WKDQ WKRVH IURP$06 Q )LJXUH $OWKRXJK
WKH PDMRULW\ RI VXEMHFWV IURP 0$$ RYHUODSSHG LQ FRPSRVLWLRQ ZLWK WKRVH RI $06 LW LV
UHPDUNDEOH WKDW DSSUR[LPDWHO\RI0$$VKRZHGDGLVWLQFW FRPSRVLWLRQ IURP WKLVJURXS
DORQJ WKH ILUVW SULQFLSDO FRPSRQHQW 7KLV H[SODLQV WKH UHPDUNDEOH GLIIHUHQFH DYHUDJH
PLFURELRWD FRPSRVLWLRQ EHWZHHQ WKH WZR FRKRUWV 0RUHRYHU LW VXJJHVWV WKDW VRPH
PHWDEROLF V\QGURPH SDWLHQWV IURP 0$$ H[KLELW DQ DOWHUQDWLYH VWDWH RI PLFURELRWD
FRPSRVLWLRQFRPSDUHGWRWKHRYHUODSSLQJ$06DQG0$$LQGLYLGXDOV






















))$ IUHH IDWW\DFLGV'DWDDUHH[SUHVVHGDVPHDQ6(0&ODPSUHVXOWV DUHH[SUHVVHGDVPHDQ UDQJH
GXH WRGLIIHUHQFHV LQFODPSSURFHGXUHVVHH0HWKRGVEHWZHHQFHQWHUVQRVWDWLVWLFDOFRPSDULVRQZDVPDGHEHWZHHQFRKRUWV





)LJXUH  3ULQFLSOH FRPSRQHQW DQDO\VLV RI WKH IHFDO PLFURELRWD FRPSRVLWLRQ RI  RYHUZHLJKW LQVXOLQ UHVLVWDQW
RYHUZHLJKW PDOHV IURP0DDVWULFKW 0$$ DQG$PVWHUGDP $06,QGLYLGXDOV IURP$06 DQG D VXEVHW IURP0$$RYHUODS
DQGDVHFRQGJURXS RI LQGLYLGXDOV LQ0$$ZDV REVHUYHG DV LQGLFDWHG E\ WKH OLJKW EOXH VKDGRZV7KHVH DOVR VKRZ DVVRFLDWLRQV
ZLWK WKH WZR PHWDEROLF SDUDPHWHUV DVVRFLDWHG ZLWK PLFURELRWD FRPSRVLWLRQ LQ 0$$ WKURXJK 5DQGRP )RUHVWV DQDO\VLV
7KH GLUHFWLRQ RI WKH VSHFLHV DUURZV GHSLFWV WKH DEXQGDQFH RI PLFURELDO JURXSV /HQJWK RI WKH DUURZV LV D PHDVXUH RI ILW
7KH HQYLURQPHQWDO YDULDEOH DUURZV DSSUR[LPDWHV WKH FRUUHODWLRQ EHWZHHQ VSHFLHV DQG DQ HQYLURQPHQWDO YDULDEOH 7KH





$IWHU FRUUHFWLRQ IRU PXOWLSOH WHVWLQJ SHULSKHUDO KHSDWLF DQG DGLSRVH WLVVXH LQVXOLQ
VHQVLWLYLW\ 5G VXSSUHVVLRQ RI (*3 DQG VXSSUHVVLRQ RI ))$ UHVSHFWLYHO\ GLG QRW
VLJQLILFDQWO\ FRUUHODWH T ZLWK WKH DEXQGDQFH RI EDFWHULDO JURXSV DW WKH JHQXV OLNH
OHYHO LQ HLWKHU FRKRUW ,Q DGGLWLRQ ZH GHWHUPLQHG QRQOLQHDU PXOWLYDULDWH UHODWLRQVKLSV
EHWZHHQWKHPLFURELRWDFRPSRVLWLRQDQGWLVVXHVSHFLILFLQVXOLQVHQVLWLYLW\7RWKLVHQGZH
RUGHUHG HDFK GDWDVHW LQ TXDUWLOHV RI LQVXOLQ VHQVLWLYLW\ 5G(*3 DQG))$ DQG XVHG
UDQGRPIRUHVWFODVVLILHUVWRGHWHUPLQHZKHWKHUWKHEDFWHULDOFRPSRVLWLRQZDVUHODWHGWRWKHVH
PDUNHUV RI WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ E\ XVLQJ WKH KLJKHVW DQG ORZHVW TXDUWLOHV DV
FODVVHV%RWKFRKRUWVVKRZHGUDQGRPFODVVLILFDWLRQIRUSHULSKHUDO OLYHUDQGDGLSRVHWLVVXH
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EHWZHHQWKH DEXQGDQFH RI VSHFLILF PLFURELDO JURXSV DQG +20$,5 +20$%
IDVWLQJ JOXFRVH RU LQVXOLQ FRQFHQWUDWLRQV LQ HLWKHU RI WKH WZR FRKRUWV )LJXUH
 &RUUHVSRQGLQJO\ ZH GLG QRW ILQG D VLJQLILFDQW FRUUHODWLRQ T EHWZHHQ
%0, ZDLVW FLUFXPIHUHQFH DQG DEXQGDQFH RI JHQXVOHYHO EDFWHULDO JURXSV LQ WKLV
VWXG\ $OWKRXJK DOPRVW QRQH RI WKH FRUUHODWLRQV ZHUH VLJQLILFDQW LW LV ZRUWK\ WR QRWH
WKDW WKH SDWWHUQ RI FRUUHODWLRQ RI VSHFLILF WD[D ZLWK KRVW YDULDEOHV ZDV GLVWLQFWO\
GLIIHUHQW LQ ERWK FRKRUWV )LJXUH 
)LJXUH  &RUUHODWLRQKHDWPDSV RI KRVW PHWDEROLF SDUDPHWHUV DQG PLFURELRWD DEXQGDQFH +HDWPDSV RI 6SHDUPDQ
FRUUHODWLRQV RI KRVW PHWDEROLF SDUDPHWHUVZLWK LQGLYLGXDO JHQXV OLNH EDFWHULDO JURXSV IRU $06 $ DQG0$$ % %OXH VKRZ
QHJDWLYHFRUUHODWLRQVDQGUHGSRVLWLYH2QO\ WKHSRVLWLYHFRUUHODWLRQRI3HSWRFRFFXVQLJHU HW UHOZLWK+E$FZLWKLQ WKH0$$$
FRKRUW UHPDLQHG VLJQLILFDQW DIWHU FRUUHFWLRQ IRU PXOWLSOH WHVWLQJ 2QO\ FRUUHODWLRQV ZLWK 6SHDUPDQ ȡ! DQG S
XQFRUUHFWHG DUHVKRZQ
)XUWKHUPRUHZHRUGHUHGHDFKGDWDVHWLQTXDUWLOHVRIIDVWLQJJOXFRVHDQGLQVXOLQ+20$,5
DQG +20$% DQG XVHG UDQGRP IRUHVW FODVVLILHUV WR GHWHUPLQH ZKHWKHU WKH EDFWHULDO
FRPSRVLWLRQ ZDV UHODWHG WR WKHVH PDUNHUV E\ XVLQJ WKH KLJKHVW DQG ORZHVW TXDUWLOHV DV
FODVVHV2QO\0$$VKRZHGDPRGHUDWHLPSURYHPHQWRYHUUDQGRPFODVVLILFDWLRQIRUIDVWLQJ
JOXFRVH FRQFHQWUDWLRQV DQG +E$F $8&  ZLWK WD[D IURP&ORVWULGLXP FOXVWHUV ,9
)DHFDOLEDFWHULXP SUDXVQLW]LL HW UHO DQG %XW\ULYLEULR FURVVDWXV HW UHO DQG ;,9D
5RVHEXULD LQWHVWLQDOLV &ORVWULGLXP QH[LOH DQG (XEDFWHULXP UHFWDOH DQG UHODWHG VSHFLHV
DQG VHYHUDO 3URWHREDFWHULD (QWHUREDFWHU DHURJHQHV HW UHO DQG 9LEULR DV WKH PRVW
LPSRUWDQWPLFURELRWDSUHGLFWLRQIHDWXUHV IRUFODVVLILFDWLRQRI LQGLYLGXDOVZLWKKLJKRU ORZ
IDVWLQJ JOXFRVH FRQFHQWUDWLRQV )RU+E$F VLPLODU EDFWHULDO RUGHUVZHUH DPRQJ WKHPRVW
LPSRUWDQW WD[D +RZHYHU GLIIHUHQW PHPEHUV RI WKHVH KLJKHU SK\ORJHQHWLF JURXSV ZHUH
LGHQWLILHG VXFK DV IRU &ORVWULGLXP FOXVWHUV ,9 2VFLOORVSLUD JXLOOHUPRQGLL HW UHO









7KH DLP RI WKLV FURVVVHFWLRQDO VWXG\ ZDV WR GHWHUPLQH WKH UHODWLRQ EHWZHHQ PLFURELRWD
FRPSRVLWLRQ DQG WLVVXHVSHFLILF LQVXOLQVHQVLWLYLW\ LQ WZR LQGHSHQGHQW FRKRUWV RI REHVH
PDOHV ZLWK UDQJLQJ OHYHOV RI LQVXOLQ UHVLVWDQFH 7R RXU NQRZOHGJH WKLV LV WKH ILUVW




FOHDU DVVRFLDWLRQ EHWZHHQ D VSHFLILF IHFDO PLFURELDO SDWWHUQ DQG DGLSRVH WLVVXH OLYHU RU
VNHOHWDOPXVFOHLQVXOLQVHQVLWLYLW\LQGLFDWLQJWKDWSUHGLFWLQJWKHUROHRIPLFURELRWDEDVHGRQ
EDVHOLQHFRPSRVLWLRQDOGDWD LQKRVW LQVXOLQVHQVLWLYLW\ LVFKDOOHQJLQJZKHQ WKHREHVHVWDWH
KDVDOUHDG\GHYHORSHG,QOLQHZLWKWKLVDOPRVWQRQHRIWKHFRUUHODWLRQVEHWZHHQVXUURJDWH
PHDVXUHVRILQVXOLQVHQVLWLYLW\DQGJO\FHPLFFRQWURODQGJXWPLFURELRWDFRPSRVLWLRQZHUH
VLJQLILFDQW LQ HLWKHU RI WKH WZR FRKRUWV ,Q 0$$ ZH IRXQG D UHODWLRQVKLS EHWZHHQ
3HSWRFRFFXVQLJHUHWUHOZLWK+E$F6SHDUPDQȡ S (T %HFDXVH
RI WKLVVLQJOHVLJQLILFDQWFRUUHODWLRQZHDQDO\]HG WKHXQGHUO\LQJFRUUHODWLRQPDWUL[ WRVHH
ZKHWKHU ZH FRXOG LGHQWLI\ D VLPLODU SDWWHUQ DQG REVHUYH FRQVHUYHG DVVRFLDWLRQV EHWZHHQ
EDFWHULDO DEXQGDQFH DQG PDUNHUV RI WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ HJ FRQVLVWHQW
LGHQWLFDO GLUHFWLRQ RI D FRUUHODWLRQ EHWZHHQ D JURXS ZLWK D PHWDEROLF SDUDPHWHU LQ ERWK
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FRKRUWVKRZHYHUERWKFRKRUWVVKRZHGKLJKO\GLYHUJHQWSDWWHUQV)LJXUH)RULQVWDQFH
(XEDFWHULXP UHFWDOH HW UHO D ZHOONQRZQ EXW\UDWH SURGXFHU VKRZHG FRQIOLFWLQJ
FRUUHODWLRQV ZLWK IDVWLQJ LQVXOLQ DQG +20$,5 LQ ERWK FRKRUWV DJDLQ KLJKOLJKWLQJ WKH
FKDOOHQJHVDVVRFLDWHGZLWKEDVHOLQHREVHUYDWLRQVLQDVLQJOHFRKRUW
7RJDLQPRUHLQVLJKWLQWRWKHVHGLIIHULQJSDWWHUQVZHDSSOLHGUDQGRPIRUHVWFODVVLILFDWLRQRI
TXDUWLOHG KRVW SDUDPHWHUV 5DQGRP )RUHVWV LV D VXSHUYLVHG PDFKLQH OHDUQLQJ WHFKQLTXH
ZKLFK FDQ XWLOL]H QRQOLQHDU UHODWLRQVKLSV DQG FRPSOH[ GHSHQGHQFLHV EHWZHHQ JHQXVOLNH
JURXSV WR LGHQWLI\ EDFWHULDO WD[D WKDW GLIIHUHQWLDWH WKH IDHFDO FRPPXQLW\ FRPSRVLWLRQ RI
LQGLYLGXDOVWKDWDUHLQWKHKLJKHVWRUORZHVWUDQJHRIHDFKKRVWSDUDPHWHUUHVSHFWLYHO\7KH
PHDVXUHRI WKH VXFFHVVRI WKHPHWKRG LV LWV DELOLW\ WRFODVVLI\ VDPSOHVFRUUHFWO\5DQGRP
FODVVLILFDWLRQDOZD\VFKRRVLQJFODVVZRXOG\LHOGDFODVVLILFDWLRQHUURURI WKHUHIRUH
WKHSHUIRUPDQFH VKRXOGEHKLJKHU LI WKH LQSXWYDOXHVRUSUHGLFWRUV UHODWLYHDEXQGDQFHRI
EDFWHULDO JURXSV DVVLVW LQ FODVVLILFDWLRQ 2YHUDOO LQ ERWK FRKRUWV WKH PLFURELRWD
FRPSRVLWLRQ DW JHQXV OHYHO VKRZHG SHUIRUPDQFH WKDW ZDV FORVH WR UDQGRP FODVVLILFDWLRQ
ZLWKGLIIHUHQFHVLQ SUHGLFWRUV DV ZHOO DV FODVVLILFDWLRQ DFFXUDF\ EHWZHHQ WKHVH FRKRUWV
7R WKLV HQG RQO\0$$VKRZHG DPRGHUDWH LPSURYHPHQW RYHU UDQGRPFODVVLILFDWLRQ IRU
LQGLYLGXDOV ZLWK WKH KLJKHVW DQG ORZHVW  RI IDVWLQJ JOXFRVH FRQFHQWUDWLRQV
$8&  RU +E$F $8&  $PRQJ WKH PDWFKLQJ PLFURELDO IHDWXUHV 
LPSRUWDQW IRU FODVVLILFDWLRQ RI ERWK SDUDPHWHUV ZHUH GLIIHUHQW 3URWHREDFWHULD VXFK DV
9LEULR )LJXUH 2WKHU WD[D WKDW KHOSHG LQ WKH SUHGLFWLRQ RI GLVWLQFW IDVWLQJ JOXFRVH
OHYHOV ZHUH )DHFDOLEDFWHULXP SUDXVQLW]LL5RVHEXULD LQWHVWLQDOLV&ORVWULGLXPQH[LOHDQG
(XEDFWHULXP UHFWDOH DQG UHODWHG VSHFLHV )RU +E$F WKHVH WD[D ZHUH 2VFLOORVSLUD
JXLOOHUPRQGLL 6SRUREDFWHU WHUPLWLGLV DQG/DFWREDFLOOXV JDVVHUL DQG UHODWHG VSHFLHV
7KH PRVW LPSRUWDQW PLFURELRORJLFDO IHDWXUH IRU WKH SUHGLFWLRQ RI +E$F LQ 0$$ ZDV
WKH DEXQGDQFH RI 3HSWRFRFFXV QLJHU HW UHO ZKRVH DVVRFLDWLRQ ZDV DOVR LGHQWLILHG
XVLQJ OLQHDU UHJUHVVLRQ XQGHUVFRULQJ WKH QHHG IRU FRPSOHPHQWDU\ DQDO\WLFDO
DSSURDFKHV $PRQJ WKH DERYHOLVWHG LGHQWLILHG WD[D ZHUH VHYHUDO WKDW DUH NQRZQ WR
SURGXFHEXW\UDWH
7KLVLVLQOLQHZLWKSUHYLRXVVWXGLHVWKDWVKRZHGDQLQFUHDVHGDEXQGDQFHRIVRPHXQLYHUVDO
EXW\UDWHSURGXFLQJ EDFWHULD DQG DQ LQFUHDVH LQ /DFWREDFLOOXV DQG YDULRXV RSSRUWXQLVWLF
SDWKRJHQV DVVRFLDWHG ZLWK 7'0 LQ D FRKRUW RI (XURSHDQ ZRPHQ   DQG &KLQHVH
LQGLYLGXDOV 0RUH LPSRUWDQWO\ WKHVH DXWKRUV DOVR VKRZHG WKDW WKH GLVFULPLQDQW
PHWDJHQRPLF PDUNHUV IRU 7' GLIIHUHG EHWZHHQ WKH FRKRUWV DQG FRQFOXGHG WKDW
PHWDJHQRPLF SUHGLFWLYH WRROV IRU 7' VKRXOG EH VSHFLILF IRU WKH DJH DQG
JHRJUDSKLFDO ORFDWLRQ RI WKH SRSXODWLRQV VWXGLHG 7KH REYLRXV GLIIHUHQFHV LQ
REVHUYDWLRQVEHWZHHQWKHFRKRUWV DQG WKH IDFW WKDW WKH LGHQWLILHG DVVRFLDWLRQV RI IDVWLQJ
JOXFRVH FRQFHQWUDWLRQV RU +E$F ZLWK VSHFLILF JXW PLFURELRWD PHPEHUV ZHUH RQO\








2Q WRS RI WKHVH REVHUYDWLRQV WKHUH ZHUH VWULNLQJ GLIIHUHQFHV EHWZHHQ WKH PLFURELRWD
FRPSRVLWLRQV RI ERWK FRKRUWV &RPSDUHG WR $06 WKH DEXQGDQFH RI ELILGREDFWHULD ZDV
KLJKHU0$$ZKLFKKDVEHHQOLQNHGWRDKHDOWKLHUSKHQRW\SHDUHGXFWLRQLQLQIODPPDWRU\
PDUNHUVDQGDQ LPSURYHPHQWLQJOXFRVHKRPHRVWDVLVDQGOLSLGPHWDEROLVP $QRWKHU
GLIIHUHQFH EHWZHHQ ERWK FRKRUWV ZDV D ORZHU DEXQGDQFH RI VSHFLILF WD[D EHORQJLQJ WR
&ORVWULGLXP FOXVWHU ;,9D LQ 0$$ ZKLFK LQFOXGHG NQRZQ EXW\UDWH SURGXFHUV
HJ %XW\ULYLEULRFURVVRWXVDQG&ORVWULGLXPV\PELRVXPDQGUHODWHGVSHFLHV$OVR WKHUH
ZHUH VHYHUDO VOLJKW GLIIHUHQFHV LQ PHWDEROLF SURILOHV EHWZHHQ ERWK FRKRUWV ZLWK ORZHU
7$* DQG JOXFRVH FRQFHQWUDWLRQV DV ZHOO DV D UHGXFHG +20$% LQ 0$$
$OWKRXJK ORZHU DEXQGDQFHV RI EXW\UDWHSURGXFLQJ EDFWHULD KDYH SUHYLRXVO\ EHHQ
UHSRUWHG LQ 7'0 VXEMHFWV LQ YDULRXV VWDWHV RI LQVXOLQ UHVLVWDQFH WKHVH
FRPSRVLWLRQDO DQG PHWDEROLF GLIIHUHQFHVZHUHQRWOLQNHGLQDVLJQLILFDQWZD\
7KH VWULNLQJO\ FRKRUWVSHFLILF REVHUYDWLRQV VXJJHVW WKDW WKH UHODWLRQ EHWZHHQ PLFURELRWD
FRPSRVLWLRQDQG7'0DVZHOODVRWKHUFKDUDFWHULVWLFVRIWKHPHWDEROLFV\QGURPHLVYHU\
GHSHQGHQW RQ WKH VHOHFWHG FRKRUW RI SDWLHQWV DQG WKHLU UHVSHFWLYH EDVHOLQH PLFURELRWD
FRPSRVLWLRQ 6LPLODU REVHUYDWLRQ KDYH EHHQ PDGH E\ RWKHU UHVHDUFKHUV DV ZHOO  ,Q
DGGLWLRQLWFRXOGEHWKDWGLIIHUHQFHVLQPLFURELRWDFRPSRVLWLRQDUHQRWDVVRFLDWHGZLWKWKH
LQVXOLQ UHVLVWDQFH SKHQRW\SH ZKHQ WKH RYHUZHLJKW DQGRU REHVH VWDWH RI WKH SDWLHQW LV
DOUHDG\HVWDEOLVKHGDVLVWKHFDVHIRURXUPHWDEROLFV\QGURPHSDWLHQWV,QWKHODWWHUFDVHZH





NQRZ LWV FRPSRVLWLRQ LV LPSDFWHG E\ QXPHURXV H[WHUQDO DV ZHOO DV KRVWVSHFLILF IDFWRUV
LQFOXGLQJGLHWDJHDQWLELRWLFVXVH%0,JHQGHUDQGJHQRW\SHWKHLQWHUSOD\RIYDULDEOHV
WKDW JLYH ULVH WR WKHYDULDWLRQRI WKHPLFURELRWD LV QRW \HW IXOO\XQGHUVWRRGEHFDXVHRI LWV
FRPSOH[LW\DQGWKHLQIOXHQFHRIQXPHURXVVWRFKDVWLFYDULDEOHVVXFKDVFRPPRQH[SRVXUHV
RYHU D WLPHIUDPH RI \HDUV 1HYHUWKHOHVV WKH PXOWLWXGH RI WKHVH YDULDWLRQV DQG WKHLU
FRPELQDWLRQV PD\ H[SODLQ ZK\ LQGLYLGXDOVSHFLILF G\VELRWLF PLFURELRWD SURILOHV DUH
FRQWLQXRXVO\REVHUYHG
7KLVLQGLYLGXDOLW\RIWKHPLFURELRWDFRPSRVLWLRQPD\DOVRH[SODLQZK\IHFDOWUDQVSODQWDWLRQ
IURP OHDQGRQRUV WR UHFLSLHQWVZLWK WKHPHWDEROLF V\QGURPH VOLJKWO\ LPSURYHGSHULSKHUDO
LQVXOLQ VHQVLWLYLW\ RQO\ LQ D VXEJURXS RI VXEMHFWV UHVSRQGHUVZKHUHDV RWKHU LQGLYLGXDOV
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GLG QRW VKRZ DQ\ HIIHFW RQ WKHVH SDUDPHWHUV XSRQ WKH LQWHUYHQWLRQ ,W LV HYLGHQW WKDW
IXUWKHUVWXGLHVDUHUHTXLUHGWRLQYHVWLJDWHWKHUHODWLRQEHWZHHQIHFDOPLFURELRWDFRPSRVLWLRQ
DQG LQVXOLQ VHQVLWLYLW\ LQ SKHQRW\SHV YDU\LQJ LQ DGLSRVLW\ DQG LQVXOLQ VHQVLWLYLW\ 6XFK
VWXGLHVVKRXOGDOVRDGGUHVVPLFURELDOIXQFWLRQWRUHYHDOLIDPLFURELDORUKRVWFRPSRQHQW
RUERWKFDQEHIRXQGZLWKSUHGLFWLYHSRZHU
&XUUHQWO\ ZH KDYH QR FOHDU H[SODQDWLRQ RI WKH UHPDUNDEOH GLIIHUHQFH EHWZHHQ WKH WZR
FRKRUWV ZLWK UHVSHFW WR PLFURELRWD FRPSRVLWLRQ DV ZHOO DV WKH DVVRFLDWLRQV EHWZHHQ
PLFURELDOSURILOHVDQGKRVWPHWDEROLFSDUDPHWHUV%RWKFRKRUWV LQFOXGHGVXEMHFWVZLWK DQ




WKH PHWDEROLF V\QGURPH SDWLHQWV RI WKLV FRKRUW H[KLELW DQ DOWHUQDWLYH VWDWH RI PLFURELRWD
FRPSRVLWLRQ WKDW LV GULYHQ E\ D \HW XQNQRZQ IRUFH ZKLFK LV RQO\ SUHVHQW LQ WKLV FRKRUW
1HYHUWKHOHVV WKLV VWXG\ FOHDUO\ GHPRQVWUDWHV WKDW FRKRUWVSHFLILF PLFURELRWD GLIIHUHQFHV
KDPSHU ILQGLQJ D FRQVHQVXV ELRORJLFDO LQWHUSUHWDWLRQ EHWZHHQ VWXGLHV EDVHG RQ VLQJOH
EDVHOLQH FRKRUW REVHUYDWLRQV 7KLV FRPELQHG ZLWK WKH FRPSOH[LW\ RI LQGLYLGXDO GLVHDVH
SDWKRJHQHVLVDVZHOODVWKHLQGLYLGXDOVSHFLILFGLIIHUHQFHVLQPLFURELRWDFRPSRVLWLRQPD\
H[SODLQ WKH LQFRQVLVWHQF\ LQ REVHUYDWLRQV EHWZHHQ GLIIHUHQW VWXGLHV FRQFHUQLQJ WKH
LGHQWLILFDWLRQ RI VLJQDWXUH PLFUREHV IRU REHVLW\ DV ZHOO DV RWKHU GLVRUGHUV DQG GLVHDVHV
LQFOXGLQJLQIODPPDWRU\ERZHOGLVHDVHDQGLUULWDEOHERZHOV\QGURPH
&RQFOXVLRQ
,Q WKH SUHVHQW VWXG\ WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ DW WKH OHYHO RI WKH DGLSRVH WLVVXH
OLYHU DQG VNHOHWDO PXVFOH GLG QRW FRUUHODWH ZLWK WKH DEXQGDQFH RI PLFURELDO JHQXVOHYHO
JURXSV LQ WZR FRKRUWV RI REHVH LQVXOLQ UHVLVWDQW PDOHV DW EDVHOLQH:LWK UHVSHFW WR WKH
VXUURJDWHPHDVXUHV IRU LQVXOLQ VHQVLWLYLW\ DQGPHDVXUHV RI JO\FHPLF FRQWURO+%$F DQG
IDVWLQJJOXFRVHWKHPLFURELRWDFRPSRVLWLRQVKRZHGSUHGLFWLYHSRWHQWLDOEXWRQO\LQRQHRI
WKH FRKRUWV 7KH ODWWHU ILQGLQJV VWUHVV WKH LPSRUWDQFH RI WDNLQJ PHWDEROLF SURILOHV
HQYLURQPHQWDOJHQHWLFDQGPLFURELDOYDULDEOHVLQWRDFFRXQWLQIXWXUHVWXGLHV2YHUDOORXU















%DFNJURXQG0DVVLYH KLJKWKURXJKSXW VHTXHQFLQJRI VKRUW K\SHUYDULDEOH VHJPHQWV RI WKH
6 ULERVRPDO 51$ U51$ JHQH KDV WUDQVIRUPHG WKH PHWKRGRORJLFDO ODQGVFDSH
GHVFULELQJPLFURELDOGLYHUVLW\ZLWKLQDQGDFURVVFRPSOH[ELRPHV+RZHYHUVHYHUDOVWXGLHV
KDYHVKRZQWKDWWKHPHWKRGRORJ\UDWKHUWKDQWKHELRORJLFDOYDULDWLRQLVUHVSRQVLEOHIRUWKH
REVHUYHG VDPSOH FRPSRVLWLRQ DQG GLVWULEXWLRQ 7KLV FRPSURPLVHV WUXH PHWDDQDO\VHV
DOWKRXJK WKLV IDFW LV RIWHQ GLVUHJDUGHG 5HVXOWV 7R IDFLOLWDWH WUXH PHWDDQDO\VLV RI
PLFURELRPH VWXGLHV ZH GHYHORSHG 1*7D[ D SLSHOLQH IRU 6 U51$ JHQH DPSOLFRQ
VHTXHQFH DQDO\VLV WKDWZDV YDOLGDWHGZLWK GLIIHUHQWPRFN FRPPXQLWLHV DQG EHQFKPDUNHG
DJDLQVW4,,0(DVWKHFXUUHQWO\PRVWIUHTXHQWO\XVHGSLSHOLQH7KHPLFURELDOFRPSRVLWLRQRI
 LQGHSHQGHQWO\ DPSOLILHGPRFN VDPSOHVZDV FKDUDFWHUL]HGE\ VHTXHQFLQJ WZRYDULDEOH
6 U51$JHQH UHJLRQV9 DQG99 LQ WKUHH VHSDUDWH VHTXHQFLQJ UXQV RQ ,OOXPLQD¶V




WKHPRFNFRPPXQLWLHVZDV2QDYHUDJHDQGRI WKH UHDGV FRXOGEH
DVVLJQHG WR DW OHDVW IDPLO\ RU JHQXV OHYHO UHVSHFWLYHO\ ZKLOH DVVLJQPHQW WR µVSXULRXV
JHQHUD¶UHSUHVHQWHGRQDYHUDJHRQO\RIWKHUHDGVSHUVDPSOH$QDO\VLVRIĮDQGȕ
GLYHUVLW\ FRQILUPHG FRQFOXVLRQV JXLGHG E\ ELRORJ\ UDWKHU WKDQ WKH DIRUHPHQWLRQHG
PHWKRGRORJLFDODVSHFWVZKLFKZDVQRWWKHFDVHZKHQVDPSOHVZHUHDQDO\VHGXVLQJ4,,0(
&RQFOXVLRQV 'LIIHUHQW ELRORJLFDO RXWFRPHV DUH FRPPRQO\ REVHUYHG GXH WR 6 U51$
UHJLRQVSHFLILF SHUIRUPDQFH 1*7D[ GHPRQVWUDWHG KLJK UREXVWQHVV DJDLQVW FKRLFH RI
UHJLRQ DQG RWKHU WHFKQLFDO ELDVHV DVVRFLDWHG ZLWK 6 U51$ JHQH DPSOLFRQ VHTXHQFLQJ
VWXGLHV GLPLQLVKLQJ WKHLU LPSDFW DQG SURYLGLQJ DFFXUDWH TXDOLWDWLYH DQG TXDQWLWDWLYH
UHSUHVHQWDWLRQ RI WKH WUXH VDPSOH FRPSRVLWLRQ 7KLV ZLOO LPSURYH FRPSDUDELOLW\ EHWZHHQ
VWXGLHVDQGIDFLOLWDWHHIIRUWVWRZDUGVVWDQGDUGL]DWLRQ
6
Ǧaǡ a il aate and alidated ieline o te anali o ͳ͸  alion o ole ioe 

%DFNJURXQG
5HFHQW DGYDQFHV LQ PDVVLYH KLJKWKURXJKSXW VKRUWDPSOLFRQ VHTXHQFLQJ DUH
UHYROXWLRQL]LQJHIIRUWVWRGHVFULEHPLFURELDOGLYHUVLW\ZLWKLQDQGDFURVVFRPSOH[ELRPHV
&XOWLYDWLRQLQGHSHQGHQW ZKROHPHWDJHQRPH VHTXHQFLQJ KDV UHFHLYHG LQFUHDVLQJ DWWHQWLRQ
LQ WKH IXQFWLRQDO FKDUDFWHUL]DWLRQ RI LQGLYLGXDO FRPPXQLWLHV 7KHVH HIIRUWV KRZHYHU
UHPDLQ UHODWLYHO\ H[SHQVLYH RQ D SHU VDPSOH EDVLV DQG WKH ULFKHU EXW PXFK PRUH
XQVWUXFWXUHG LQIRUPDWLRQ FRQWHQW UHTXLUHV FRPSOH[ GDWD PRGHOOLQJ DQG DQDO\VLV
SURFHGXUHV7KHUHIRUH WDUJHWHG VXUYH\V IRU VSHFLILF WD[RQRPLFPDUNHUJHQHV VXFKDV WKH
6 ULERVRPDO 51$ U51$ JHQH  UHPDLQ HVVHQWLDO LQ PDQ\ PLFURELDO HFRORJLFDO




6 U51$JHQHDPSOLFRQVHTXHQFLQJ VWXGLHV WKURXJK LQFUHDVHG OHYHOVRI VWDQGDUGL]DWLRQ
DQG VRIWZDUH SLSHOLQHV SURYLGH FRPSUHKHQVLYH SURWRFROV WR DQDO\]H PLFURELDO HFRORJ\
GDWDVHWV +RZHYHU WKHVH HIIRUWV KDYH DUJXDEO\ HQKDQFHG UHSOLFDELOLW\ UDWKHU WKDQ
UHSURGXFLELOLW\ E\ SURYLGLQJ ZLGHO\ DGRSWHG GHIDXOWV 7R WKLV HQG 'UXPPRQG
VXJJHVWHG WKDW H[DFW UHSOLFDWLRQ RI DQ H[SHULPHQW LH UHSOLFDELOLW\ LV OHVV LQIRUPDWLYH
DOWKRXJKDQHFHVVDU\SUHUHTXLVLWHIRUDQ\VFLHQWLILFHQGHDYRXUWKDQWKHFRUURERUDWLRQRI
ILQGLQJVE\ UHSURGXFWLRQ LQGLIIHUHQW LQGHSHQGHQW VHWXSV LH UHSURGXFLELOLW\ EHFDXVH
ELRORJLFDO ILQGLQJV WKDW DUH UREXVW WR LQGHSHQGHQW PHWKRGRORJLHV DUH DUJXDEO\ PRUH
GHSHQGDEOHWKDQDQ\VLQJOHWUDFNDQDO\VLV7KLVGLVWLQFWLRQLVKLJKO\UHOHYDQWIRUWKHILHOG
RIPLFURELDO HFRORJ\ZKHUH UHSOLFDELOLW\ LV RIWHQ FRQIXVHGZLWK UHSURGXFLELOLW\ZKLFK LV
DSSDUHQWIURPPDQ\RIWHQQRQLQWHUFKDQJHDEOHPHWKRGRORJLHV
$FFXUDF\ FDQ W\SLFDOO\EH HYDOXDWHGE\ WKH DGGLWLRQRI SRVLWLYH FRQWUROV*HQHUDOO\ WKHVH
DUH V\QWKHWLF RU PRFN FRPPXQLWLHV 0&V FRQVLVWLQJ RI SK\ORW\SHV WKDW LGHDOO\ DUH
UHSUHVHQWDWLYHRIWKHHFRV\VWHPRILQWHUHVW0&VDOORZUHVHDUFKHUVWRDQVZHUWZRHVVHQWLDO
TXHVWLRQVFRQFHUQLQJDFFXUDF\'R,UHWULHYHWKHQXPEHURIVSHFLHV,SXWLQDQGLIVRDUH
WKH\ FRUUHFWO\ DVVLJQHG"  +RZ ZHOO GRHV WKH VHTXHQFLQJ DQG GDWD DQDO\VLV SURFHGXUH
UHSURGXFHVSHFLHVUHODWLYHDEXQGDQFHV"
5HSURGXFLELOLW\ FDQ EH HYDOXDWHG E\ FRPSDULQJ VHSDUDWH VHTXHQFLQJ UXQV DQG GLIIHUHQW
SULPHU SDLUV WKDW FRYHU GLVWLQFW 6 U51$ JHQH UHJLRQV $OWKRXJK UHSOLFDELOLW\ LV RIWHQ
DFKLHYHG DFFXUDF\ KDV EHHQ VKRZQ WR EH FKDOOHQJLQJ HVSHFLDOO\ DW KLJKHU WD[RQRPLF
UHVROXWLRQVXFKDVDWJHQXVOHYHO
&HQWUDOWRDOO6U51$JHQHDPSOLFRQVWXGLHVDUH2SHUDWLRQDO7D[RQRPLF8QLWV278V




KRWO\ GHEDWHG WRSLF ZLWKRXW DQ\ VDWLVI\LQJ VROXWLRQ VR IDU  0RUHRYHU WKH 
VHTXHQFH VLPLODULW\ WKUHVKROG LV EDVHG RQ WKH FRPSOHWH 6 U51$ JHQH a QW DQG
DOWKRXJKVHTXHQFHYDULDELOLW\LVQRWHYHQO\GLVWULEXWHGLWLVURXWLQHO\DSSOLHGWRVKRUWUHDGV
RI  QW'LIIHUHQW UHJLRQV ZRXOG WKHUHIRUH UHTXLUH WKHLU RZQ VSHFLHV OHYHO FXWRII
7KLV FRPELQDWLRQ RI DQ DPELJXRXV SURNDU\RWLF VSHFLHV GHILQLWLRQ DQG LWV DSSOLFDWLRQ WR
VKRUWUHDGV LV WKHIRXQGDWLRQIRUPDQ\FRPSOLFDWLRQVUHJDUGLQJµFRUUHFW¶278FOXVWHULQJ
+HQFH WKHUH LV OLWWOH FRQVHQVXV RQ NH\ H[SHULPHQWDO FKRLFHV VXFK DV SULPHUV WDUJHWHG
YDULDEOH UHJLRQV DQG278 SLFNLQJFOXVWHULQJ DOJRULWKPV (DFK RI WKHVH WHFKQLFDO DVSHFWV
JHQHUDWHELDVHVDQGGLIIHUHQWPHWKRGVSURGXFHFOHDUO\GLVWLQFWUHVXOWVOHDGLQJWRDVLWXDWLRQ
ZKHUH UHVXOWVRIFXUUHQW VWXGLHVFDQQRWEHHDVLO\FRPSDUHGRUH[WUDSRODWHG WRRWKHU VWXG\
GHVLJQV7KHUHIRUHWKHUHLVDVWURQJQHHGIRUVWDQGDUGL]DWLRQ
+LVWRULFDOO\ 6 U51$JHQH VHTXHQFHVJHQHUDWHG LQ D SURMHFWZHUH LQLWLDOO\ FOXVWHUHGGH
QRYR LQWR278VDW!VHTXHQFHVLPLODULW\XVLQJYDULRXVFOXVWHULQJDOJRULWKPVPRVWO\
EHFDXVHDYDLODEOH6U51$JHQHUHIHUHQFHGDWDEDVHVZHUHWKRXJKWWRSURYLGHLQVXIILFLHQW
FRYHUDJH  $OWKRXJK QHZ FOXVWHULQJ DOJRULWKPV WKDW UHGXFH WKH LQIOXHQFH RI
FOXVWHULQJ SDUDPHWHUV VXFK DV D KDUG FXWRII IRU FOXVWHU VLPLODULW\ KDYH EHHQ VSHFLILFDOO\
GHYHORSHG IRUDPSOLFRQV FOXVWHU JHQHUDWLRQ LVFRQWH[WGHSHQGHQW LHGLIIHUHQWGDWDVHWV
JHQHUDWHGLIIHUHQWFOXVWHUVDQGGLIIHUHQWDOJRULWKPVPD\SURGXFHGLIIHUHQWHQGUHVXOWV
7KHUHIRUH HYHQ WKRXJK WKH VDPHDQDO\VLV IUDPHZRUN LVXVHG LQGHSHQGHQW VWXGLHV UHPDLQ
LQFRPSDUDEOH DW 278 OHYHO &RQVHTXHQWO\ UHIHUHQFHEDVHG278 FOXVWHULQJ KDV UHFHLYHG









DV ZHOO DV HUURU KRWVSRWV WKDW DUH QRW QHFHVVDULO\PDWFKHG WR WKH YDULDEOH UHJLRQV FDQ
SRWHQWLDOO\ OHDG WR D ELDVHG FOXVWHU IRUPDWLRQ GULYHQ E\ QRQELRORJLFDO IDFWRUV 7KHVH
HIIHFWV KDYH EHHQ SUHYLRXVO\ LJQRUHG RU XQGHUHVWLPDWHG LQ UHIHUHQFH 278 SLFNLQJ
SURWRFROV
$QRWKHU HVVHQWLDO H[SHULPHQWDO FKRLFH FRQFHUQV WKH VHOHFWLRQ RI WDUJHWHG YDULDEOH UHJLRQ
EHFDXVHLWVKRXOGUHSUHVHQWWKHVHTXHQFHYDULDELOLW\HQFRXQWHUHGZLWKWKHIXOOOHQJWKJHQH
'HVSLWH VHYHUDO VWXGLHV FRPSDULQJ WKH SHUIRUPDQFH RI GLYHUVH UHJLRQV VHTXHQFH OHQJWKV
VHTXHQFLQJ SODWIRUPV DQG WD[RQ DVVLJQPHQW PHWKRGRORJLHV ERWK ZLWKLQ DQG DFURVV
ODERUDWRULHVWKHUHVWLOOLVQRIXOO\FRQVHQVXVRIEHVWFKRLFHVIRUYDULDEOH
UHJLRQV HYHQ LI VRPH LQLWLDWLYHV OLNH WKH (DUWK 0LFURELRPH 3URMHFW  DUH VHWWLQJ VRPH
6
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
VWDQGDUGV7KHUHDUHVHYHUDOIDFWRUVWKDWFDQOHDGWRWKHFRPPRQO\REVHUYHGKLJKO\UHJLRQ
VSHFLILF EHKDYLRXU DFURVV GDWDVHWV  3&5ELDV RI YDU\LQJ GHJUHHV    GLIIHUHQW
UHJLRQV DUH DVVRFLDWHG ZLWK GLIIHUHQW HUURU SURILOHV DQG GLIIHUHQW UDWHV RI FKLPHUD
IRUPDWLRQ  DQG  WKH DFWXDO YDULDWLRQ FRQWDLQHG LQ WKH VHTXHQFH LV GLVVLPLODU HJ
VRPH UHJLRQV DUH QRW YDULDEOH HQRXJK WR GLIIHUHQWLDWH EHWZHHQ JHQHUD ZKLOH RWKHUV DUH
ZKLFKLQWXUQFDQDIIHFWFOXVWHULQJ
$SDUWIURPWKHXVHRIDGLYHUVHUDQJHRISULPHUVDQG278SLFNLQJSURWRFROVWKDWFDQFDXVH
GLIIHUHQFHV LQ UHVXOWV EHWZHHQ VWXGLHV DQGRU ODERUDWRULHV VHTXHQFLQJ HUURU LV D WKLUG
LPSRUWDQW IDFWRU WKDW GHILQHV GDWD TXDOLW\ 0DVVLYH KLJK WKURXJKSXW VKRUW UHDG OHQJWK
VHTXHQFLQJ SODWIRUPV KDYH QRW EHHQ GHYHORSHG IRU DPSOLFRQ VHTXHQFLQJ EXW UDWKHU IRU
ZKROH JHQRPH VHTXHQFLQJ ZKHUH VHTXHQFH HUURUV LQ LQGLYLGXDO UHDGV LV OHVV LPSRUWDQW
+RZHYHULQ6U51$JHQHDPSOLFRQVHTXHQFLQJHYHU\VHTXHQFLQJHUURUFRXOGSRWHQWLDOO\
OHDG WR WKH IDOVH GLVFRYHU\ RI D QHZ ELRPDUNHU 7R DYRLG RYHUHVWLPDWLRQ RI PLFURELDO
GLYHUVLW\VWULQJHQWTXDOLW\ILOWHULQJLVWKHUHIRUHFRQVLGHUHGHVVHQWLDO
0HWKRGRORJ\UDWKHUWKDQELRORJ\KDVRIWHQEHHQVKRZQWREHWKHODUJHVWGULYHURIYDULDWLRQ
LQ PLFURELRPH VWXGLHV      DQG WKLV DVSHFW RI DPSOLFRQ VHTXHQFLQJ LV
LQFUHDVLQJO\ DGGUHVVHG LQ OLWHUDWXUH 1HYHUWKHOHVV D VDWLVIDFWRU\ VROXWLRQ KDV QRW EHHQ
IRXQG7RDGGUHVVWKHDIRUHPHQWLRQHGFKDOOHQJHVZHKDYHDSSOLHGVHYHUDOUHFRPPHQGDWLRQV
IURP OLWHUDWXUH WR YDOLGDWH KLJK WKURXJKSXW KLJKUHVROXWLRQ PLFURELRWD SURILOLQJ XVLQJ
,OOXPLQD +LVHT QW SDLUHG HQG VHTXHQFLQJ GDWD DV D WHVW FDVH :H LPSOHPHQWHG
UHGXQGDQF\E\VHTXHQFLQJWZRWDQGHPYDULDEOH6U51$JHQHUHJLRQVLQSDUDOOHO9DQG
99 7R ILQG RSWLPDO ILOWHULQJ VHWWLQJV DQG WR HPSLULFDOO\ GHWHUPLQH WKH QRLVH IORRU
PXOWLSOH VWDQGDUGL]HGPRFNFRPPXQLWLHV VSHFLILFDOO\GHVLJQHG WR WDFNOH LVVXHVDVVRFLDWHG
ZLWK ILOWHULQJ SDUDPHWHU RSWLPL]DWLRQ ZHUH DGGHG WR HDFK VHTXHQFLQJ UXQ 7R RXU
NQRZOHGJHDVLPLODU VHWXSZLWKPXOWLSOH0&VDQGGLIIHUHQWYDULDEOH UHJLRQVKDVQRWEHHQ
DSSOLHG WR GDWDVHWV JHQHUDWHG E\ WKH ,OOXPLQD SODWIRUP 7KLV VHWXS KDV HQDEOHG XV WR
GHYHORS1*7D[ D SLSHOLQH WKDW DFFRXQWV IRU HUURU DVVRFLDWHG ZLWK D UDQJH RI WHFKQLFDO
DVSHFWVRI6 U51$JHQHDPSOLFRQ VHTXHQFLQJ1*7D[ZLOO LPSURYHFRPSDUDELOLW\ E\
UHPRYLQJ WHFKQLFDO ELDV DQG IDFLOLWDWH HIIRUWV WRZDUGV VWDQGDUGL]DWLRQ E\ IRFXVLQJ RQ
UHSURGXFLELOLW\DVZHOODVDFFXUDF\7RDVVHVVWKHSHUIRUPDQFHZHEHQFKPDUNHGWKHUHVXOWV







WD[RQRPLF DVVLJQPHQW )LJXUH8VHU H[DPSOHV DQGGHWDLOV RI HDFK VWHSRI WKHSLSHOLQH
FDQEHIRXQGLQWKHXVHUPDQXDOLQ'DWDVHW
%DUFRGH3ULPHUILOWHULQJ
,Q D ILUVW VWHS SDLUHG HQG OLEUDULHV DUH FRPELQHG DQG RQO\ UHDG SDLUV ZLWK SHUIHFWO\
PDWFKLQJ SULPHUV DQG EDUFRGHV DUH UHWDLQHG 7R WKLV HQG ERWK SULPHUV DUH EDUFRGHG WR
IDFLOLWDWH LGHQWLILFDWLRQ RI FKLPHUDV SURGXFHG GXULQJ OLEUDU\ JHQHUDWLRQ DIWHU SRROLQJ RI
LQGLYLGXDO3&5SURGXFWV
278SLFNLQJ
)RU HDFK VDPSOH DQ 278 WDEOH LV FUHDWHG ZLWK WKH PRVW DEXQGDQW VHTXHQFHV XVLQJ D
PLQLPXPXVHUGHILQHGUHODWLYHDEXQGDQFHWKUHVKROG,QWKLVSDUWLFXODUVWXG\ZHHPSOR\HGD
WKUHVKROG RI PLQLPXP UHODWLYH DEXQGDQFH /RZHULQJ WKH WKUHVKROGZLOO OHDG WR WKH
DFFHSWDQFH RI ORZ DEXQGDQW 278V ZLWK DQ LQFUHDVHG SUREDELOLW\ RI WKHVH 278V EHLQJ
DUWLIDFWVGXH WRVHTXHQFLQJDQG3&5HUURUV$EXQGDQFH WKUHVKROGVDUHFRPPRQO\XVHG WR
UHPRYHVSXULRXV278VJHQHUDWHGE\VHTXHQFLQJDQG3&5HUURUVEXWSUHYLRXVVWXGLHV
DSSOLHGDIUDFWLRQWKUHVKROGGHILQHGE\WKHFRPSOHWHGDWDVHWXQGHUVWXG\WKHUHE\LJQRULQJ




WULPPLQJ DQG PLQLPXP UHDG OHQJWK DIWHU TXDOLW\ WULPPLQJ DUH QRW XWLOL]HG LQ 1*7D[
EHFDXVHTXDOLW\VFRUHVIURPWKH,OOXPLQDEDVHFDOOHUKDYHEHHQVKRZQWREHRIOLPLWHGXVH
IRUWKHLGHQWLILFDWLRQRIDFWXDOVHTXHQFHHUURUVIRU6U51$JHQHDPSOLFRQVWXGLHV
$GGLWLRQDOO\ WKHVH TXDOLW\ VFRUHV RQO\ FKHFN IRU HUURUV WKDW RFFXUUHG GXULQJ VHTXHQFLQJ
EXWGRQRWDFFRXQWIRURWKHUVRXUFHVRIHUURUVXFKDV3&5DPSOLILFDWLRQZKHUHDVTXDOLW\
ILOWHULQJ E\ DEXQGDQFH LV VHQVLWLYH WR DQ\ VRXUFH RI HUURU 0RUHRYHU WKH DSSOLFDWLRQ RI
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ZKHQ WKH IROORZLQJ FRQGLWLRQV DUH VDWLVILHG & DQG$ ¶ UHDGV DUH LGHQWLFDO & DQG% ¶
UHDGVDUHLGHQWLFDODQGERWK278V$DQG%DUHDWOHDVWWZLFHDVDEXQGDQWDV278&
7D[RQRPLFDVVLJQPHQW
,Q WKH FXUUHQW YHUVLRQ RI 1*7D[ WD[RQRP\ LV DVVLJQHG WR 278V XWLOL]LQJ WKH XVHDUFK






DPSOLILHG E\ WKH SULPHUV )RU HDFK 278 D WD[RQRPLF DVVLJQPHQW LV UHWULHYHG DW VL[
GLIIHUHQW LGHQWLW\ WKUHVKROGV OHYHOV      DQG  DQG DW WZR






















 OTU seeds i 
 OTU table i 
OTU tables 1 to n 
 Joined OTU table 
Tax 
Assign. 




2. De novo 0TU picking 
2.1 Per sample 
 Independent of sequencing  
  context 
2.2 Most abundant reads -> seeds 
 No clustering -> max resolution 
2.3 Low abundant reads are 




1. Barcode-Primer filtering 
Only reads with matching 
barcodes are kept. 
3. Taxonomic assignment
3.1 Dynamic thresholds 







DQGDOVR UHGXFHV WKH LPSDFW RIH[SHULPHQWDOFKRLFHVRQ WKH UHVXOWV7RDFKLHYH WKLV JRDO
IRXU V\QWKHWLF FRPPXQLWLHV RI YDU\LQJ FRPSOH[LW\ZHUH FUHDWHG FRQVLVWLQJRI 6 U51$
JHQH DPSOLFRQV RI SK\ORW\SHV 37V DVVRFLDWHG ZLWK WKH KXPDQ*,WUDFW 7DEOH  7KLV
VSHFLILF VHWXS OLPLWHG WKH OLNHOLKRRG RI RYHUILWWLQJ WR D SDUWLFXODU 278 FRPSRVLWLRQ RU
GLVWULEXWLRQDQGDOORZHGXVWRDVVHVVWKHTXDQWLILFDWLRQSRWHQWLDOQRLVHIORRUDQG
WKHHIIHFWRI ULFKQHVVDQGGLYHUVLW\RQTXDOLW\ ILOWHULQJSDUDPHWHUV WKXVHQVXULQJDKLJKHU
ILGHOLW\ZLWKELRORJLFDO VDPSOHV WKDQE\XVLQJD VLQJOH0&$VD UHIHUHQFH WRDVVHVV WKH
TXDOLW\ RI WKH WD[RQRPLF FODVVLILFDWLRQV IXOO OHQJWK VHTXHQFHV IRU DOO 37VZHUH REWDLQHG




DQG  7R DFFRXQW IRU SLSHWWLQJ HUURUV HDFK RI WKH IRXU 0&V ZDV SURGXFHG LQ




QXPEHU RI 3&5 F\FOHV DQG UHDFWLRQ YROXPHV  3&5 SURGXFWV ZHUH DQDO\VHG LQ WKUHH
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)LJXUH1*7D[$VVLJQPHQWTXDOLW\RI WKH0&SK\ORW\SHV7KUHHWD[RQRPLFDVVLJQPHQWVDUHVKRZQ5'3IXOO OHQJWK1*
7D[99WULPPHGDQG1*7D[9WULPPHG,I1*7D[DVVLJQPHQWVDUH LQDJUHHPHQWZLWK5'3IXOO OHQJWKDVVLJQPHQW WKDW





































$FWLQREDFWHULD $FWLQREDFWHULD %LILGREDFWHULDOHV %LILGREDFWHULDFHDH %LILGREDFWHULXP  
 %DFWH
L
$FWLQREDFWHULD $FWLQREDFWHULD %LILGREDFWHULDOHV %LILGREDFWHULDFHDH %LILGREDFWHULXP  
 %DFWH
L
$FWLQREDFWHULD $FWLQREDFWHULD %LILGREDFWHULDOHV %LILGREDFWHULDFHDH %LILGREDFWHULXP  
 %DFWH
L
$FWLQREDFWHULD $FWLQREDFWHULD %LILGREDFWHULDOHV %LILGREDFWHULDFHDH %LILGREDFWHULXP  
 %DFWH
L
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
7DEOH7KHVHTXHQFHG0&VDPSOHV
1DPH 0& 7HPSODWH 5HJLRQ 5XQ /LEUDU\ ([WUD 3&5 3&5
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   99   <HV  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FGXSO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0F[O   9   1R  [
 0F[O   9   1R  [
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O
 0FO   9   1R  [O




7R HYDOXDWH WKH DFFXUDF\ DQG UHSURGXFLELOLW\ RI WD[RQRPLF FODVVLILFDWLRQ XVLQJ D ORZ
LQIRUPDWLRQFRQWHQWRIaQWFRPSDUHGWRDPD[LPDOLQIRUPDWLRQFRQWHQWRIaQWZH
FRPSDUHG WKH 1*7D[ FODVVLILFDWLRQ RI DOO  UHIHUHQFH VHTXHQFHV XVHG LQ WKLV VWXG\
WULPPHGWR9DQG99ZLWKDFODVVLILFDWLRQRIWKHFRUUHVSRQGLQJIXOOOHQJWKUHIHUHQFH
VHTXHQFHV XVLQJ WKH 5'3 FODVVLILHU 5'3F)LJXUH  $W IDPLO\ OHYHO DOO WKUHH
FODVVLILFDWLRQV LH IXOO OHQJWK 9 DQG 99 ZHUH LQ FRPSOHWH FRQFRUGDQFH IRU DOO
SK\ORW\SHV &RUUHVSRQGLQJO\ WKH FRQVLVWHQF\ DW JHQXV OHYHO ZDV YHU\ KLJK 2QO\ D IHZ
SK\ORW\SHVQLQHDQGILYHIRU9DQG99DPSOLFRQVUHVSHFWLYHO\WKDWEHORQJWRSRRUO\
FODVVLILHGIDPLOLHVVXFKDV3HSWRVWUHSWRFRFFDFHDH5XPLQRFRFFHDHDQG(QWHUREDFWHULDFHDH
DWWDLQHG KLJKHU UHVROXWLRQ XVLQJ WKH IXOO OHQJWK VHTXHQFHV DQG 5'3F ,Q WXUQ IRU
3VHXGREXW\ULYLEULR 37 D KLJKHU UHVROXWLRQ ZDV DWWDLQHG ZLWK VKRUW UHDGV GXH WR WKH
KLJKVSHFLILFLW\RIWKHK\SHUYDULDEOHUHJLRQVZKLFKFDQEHRYHUVKDGRZHGZKHQXVLQJWKH
IXOO OHQJWK VHTXHQFH /DVWO\ RQO\ WZR 37 37 9 DQG RQH 37 99
DVVLJQPHQWV DW JHQXV OHYHO ERWK PHPEHUV RI WKH (QWHUREDFWHULDFHDH ZHUH LQFRQJUXHQW
EHWZHHQFODVVLILFDWLRQRIWKHVKRUWDQGIXOOOHQJWKVHTXHQFHV2YHUDOOWKH99DPSOLFRQV
RXWSHUIRUPHG WKH 9 DPSOLFRQV EHFDXVH WKLV UHJLRQ DOORZHG IRU GLIIHUHQWLDWLRQ EHWZHHQ
PHPEHUVRIWKH(QWHUREDFWHULDFHDH7KHDYHUDJHWD[RQRPLFVSHFLILFLW\SHUFHQWDJHRIKLWV
ZLWKDQ LGHQWLFDO WD[RQRPLF ODEHO IRUDOO UHIHUHQFHSK\ORW\SHVZDVIRUERWK UHJLRQV
ZLWK DQ DYHUDJHRI  DQGKLWV IRU UHJLRQV9DQG99 UHVSHFWLYHO\7KHKLJK
VSHFLILFLW\DQGKLJKQXPEHURIKLWVDWYHU\KLJKLGHQWLW\WKUHVKROGVFRPELQHGZLWKWKHIDFW
WKDW WKH YDVW PDMRULW\ RI 9 DQG 99 EDVHG DVVLJQPHQWV PDWFKHG WHVWLILHV IRU WKH
UHOLDELOLW\DQGTXDOLW\RIWKHDVVLJQPHQWV
2EVHUYHGYHUVXVH[SHFWHGPLFURELDOSURILOHV
7RDVVHVV WKHDELOLW\ WR UHSURGXFH WKHH[SHFWHGFRPSRVLWLRQRI WKH0&VZHEHQFKPDUNHG
1*7D[ZLWK4,,0(DFRPPRQO\HPSOR\HG6U51$JHQHDPSOLFRQDQDO\VLVSLSHOLQH





OHYHO DQG  WR DW OHDVW IDPLO\ OHYHO 6SXULRXV JHQHUD 5RELQVRQLHOOD
6XEGROLJUDQXOXP&XSULDYLGXV5DOVWRQLD.OX\YHUD DQG3DQWRHD UHSUHVHQWHGRQDYHUDJH
RQO\ RI WKH UHDGV SHU VDPSOH FRPSDUHG WR DQ DYHUDJH RI PLVFODVVLILHG UHDGV
XVLQJ4,,0(
6
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
2QH WHPSODWH 37 3DUDEDFWHURLGHV DWWUDFWHG VR PXFK VHTXHQFLQJ HUURU LQ WKH 9
UHJLRQ WKDW LW ZDV UHQGHUHG XQGHWHFWDEOH DOWKRXJK LW ZDV DPSOLILHG E\ WKH SULPHUV
6XSSOHPHQWDU\ )LJXUH  7KHUHIRUH WR WHVW ERWK SLSHOLQHV ZLWKRXW WKLV VHTXHQFLQJ
DQRPDO\LWZDVUHPRYHGIURPWKHDQDO\VLV






5LFKQHVV DQG GLYHUVLW\PHDVXUHV DUH LPSRUWDQW IRU XQGHUVWDQGLQJ FRPPXQLW\ FRPSOH[LW\
DQG G\QDPLFV $PRQJ WKHVH PHDVXUHV ĮGLYHUVLW\ LV GHILQHG DV WKH GLYHUVLW\ ZLWKLQ D
VDPSOH ZKLFK LV RIWHQ HVWLPDWHG EDVHG RQ WKH DEXQGDQFH GLVWULEXWLRQ HYHQQHVV DQG
QXPEHUULFKQHVVRIVSHFLHVZKHUHDVȕGLYHUVLW\LVGHILQHGDVWKHSDUWLWLRQLQJRIGLYHUVLW\
DPRQJFRPPXQLWLHV7KHDELOLW\RIUHVHDUFKHUVWRTXDQWLI\ULFKQHVVDQGGLYHUVLW\KLQJHVRQ
DQ DFFXUDWH DVVHVVPHQW RI WKH FRPSRVLWLRQ RI WKHVH FRPPXQLWLHV )RU PLFURELDO
FRPPXQLWLHV WKLV KDV EHHQ SDUWLFXODUO\ FKDOOHQJLQJ DV QRQH RI WKH H[LVWLQJ PROHFXODU
PLFURELDOHFRORJ\PHWKRGVQRUPDOO\FDSWXUHPRUHWKDQDVPDOOSURSRUWLRQRIWKHHVWLPDWHG
WRWDO ULFKQHVV LQ PRVW PLFURELDO FRPPXQLWLHV )RU GHHS VHTXHQFLQJ EDVHG DSSURDFKHV
ILOWHULQJ VWUDWHJLHV WKDW UHPRYH ORZDEXQGDQFHUHDGVPDNH LW LPSRVVLEOH WRDSSO\ULFKQHVV
HVWLPDWLRQPHWULFVVXFKDVWKH&KDRLQGH[DQGWKH$&(FRYHUDJHHVWLPDWRUEHFDXVHORZ
DEXQGDQFH UHDG FRXQWV DUH LQFOXGHG LQ WKHLU FDOFXODWLRQV &RQYHUVHO\ ULFKQHVV HVWLPDWHV
EDVHG RQ XQILOWHUHG GDWDVHWV DUH XQOLNHO\ WR EH DFFXUDWH LI PDQ\ RI WKH UHDGV DFWXDOO\
UHSUHVHQW 3&5 DQGRU VHTXHQFLQJ HUURUV ,Q FRQWUDVW WR SXUHO\ 278EDVHG PHWKRGV
GLYHUJHQFHEDVHG PHWKRGV DFFRXQW IRU WKH IDFW WKDW QRW DOO VSHFLHV ZLWKLQ D VDPSOH DUH
HTXDOO\UHODWHGWRHDFKRWKHUFRQVLGHULQJWZRFRPPXQLWLHVWREHVLPLODULIWKH\KDUERXUWKH
6
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VDPHSK\ORJHQHWLF OLQHDJHVHYHQ LI WKHVSHFLHV UHSUHVHQWLQJ WKRVH OLQHDJHV LQHDFKRI WKH
FRPPXQLWLHV DUH GLIIHUHQW &RQVHTXHQWO\ WKHVH PHWKRGV DUH PRUH SRZHUIXO WKDQ SXUHO\
278EDVHGPHWKRGVEHFDXVHVLPLODULW\LQ6U51$JHQHVHTXHQFHRIWHQFRUUHODWHVZLWK
SKHQRW\SLF VLPLODULW\ LQ NH\ IHDWXUHV VXFK DVPHWDEROLF FDSDELOLWLHV$Q DGGHG EHQHILW LV











ZDV GLIIHUHQW 0RUH LPSRUWDQWO\ WKH WUXH ELRORJLFDO YDULDWLRQ GHSLFWHG E\ WKH H[SHFWHG
FRPSRVLWLRQZDVUHSURGXFHGE\QHLWKHUSULPHUSDLU)LJXUH&%DVHGRQWKHVHUHVXOWVQRW
RQO\ WKH 3ULQFLSOH &RRUGLQDWHV $QDO\VLV 3&R$ EDVHG FRQFOXVLRQV ZRXOG KDYH EHHQ
GLIIHUHQW IRU ERWK SULPHU SDLUV EXW DOVR WKH GLIIHUHQFHV LQ WD[RQRPLF FODVVLILFDWLRQ FRXOG
OHDGWRVLJQLILFDQWFKDQJHVLQLGHQWLILHGELRPDUNHUVLQOLQHZLWKZKDWKDVSUHYLRXVO\EHHQ
REVHUYHGE\+HDQGFRZRUNHUV+HUHZHVKRZWKDWUHSOLFDELOLW\ZLWKLQDYDULDEOHUHJLRQ
ZDV DWWDLQHG 7KH PRUH LPSRUWDQW UHSURGXFLELOLW\ KRZHYHU LH WKH FRUURERUDWLRQ RI
ILQGLQJVE\UHSURGXFWLRQLQGLIIHUHQWLQGHSHQGHQWVHWXSVWKDWXVHHJGLIIHUHQWSULPHUVZDV
QRW7KLV LVDQ LPSRUWDQWREVHUYDWLRQEHFDXVHELRORJLFDO ILQGLQJV VKRXOGEH LQVHQVLWLYH WR
LQGHSHQGHQWPHWKRGRORJLHV ,Q OLQHZLWK WKH DERYH DOVR WKHREVHUYHGDGLYHUVLW\ 3'
ZDV IRXQG KLJKO\ LQIODWHG DQG WKH ELRORJLFDO RUGHU ZDV QRW UHSURGXFHG )LJXUH ' ,Q
FRQWUDVW 1*7D[ SURYLGHG D FOHDU VHSDUDWLRQ RI VDPSOHV E\ 0& W\SH DQG WKHLU
UHSUHVHQWDWLYH H[SHFWHG VDPSOHV UHJDUGOHVV RI YDULDEOH UHJLRQ 3&5 SURWRFRO VHTXHQFLQJ
UXQOLEUDU\DQGVHTXHQFLQJGHSWK7KHVHUHVXOWVDUHUHPDUNDEOHJLYHQWKHELDVHVDVVRFLDWHG
ZLWK HDFK RI WKHVH FDWHJRULHV DQG WKH GLIIHUHQFH LQ UHVROXWLRQ EHWZHHQ WKH WZR UHJLRQV
)LJXUH$0RUHRYHU0&0&DQG0&ZHUHYHU\VLPLODUVKDULQJWKHVDPHJHQHUD
DQG ODUJHO\ WKH VDPH SK\ORW\SHV RQO\ GLIIHULQJ LQ UHODWLYH GLVWULEXWLRQ 7DEOH 










6PDOO GLVWDQFHV WR H[SHFWHG0&V VKRZ WKH DFFXUDF\ RI 1*7D[ UHSURGXFLELOLW\ RQ WKH
RWKHUKDQGFDQEHHYDOXDWHGE\WKHZLWKLQ0&GLVWDQFHVDQGWKHGLVSHUVLRQRIWKHEHWZHHQ
0&V GLVWDQFHV )LJXUH  'LVWDQFHV WR WKH H[SHFWHG 0&V ZLWKLQ 0& GLVWDQFHV DQG
GLVSHUVLRQRI WKHEHWZHHQ0&VGLVWDQFHVZHUH VLJQLILFDQWO\ ORZHU SH IRU1*7D[
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$Q LQFUHDVLQJ QXPEHU RI VWXGLHV KDYH VKRZQ WKDW WKH FKRVHQPHWKRGRORJ\ UDWKHU WKDQ WKH
QDWXUDOYDULDQFHLVUHVSRQVLEOHIRUWKHJUHDWHVWYDULDQFHLQPLFURELRPHVWXGLHV
 6RPH DXWKRUV UDLVHG WKHLU FRQFHUQ ZLWK FRPSDULQJ GDWD JHQHUDWHG XVLQJ GLIIHUHQW
VWUDWHJLHV ZKLFK EDVLFDOO\ VXJJHVWV WKDW WUXH UHSURGXFLELOLW\ LH XVLQJ GLIIHUHQW
DSSURDFKHV DQG GUDZLQJ WKH VDPH ELRORJLFDO FRQFOXVLRQV FDQQRW EH DWWDLQHG 7KLV LV DQ
DODUPLQJ REVHUYDWLRQ VLQFH VWXGLHV DUH RIWHQ XVHG WR LGHQWLW\ ELRPDUNHU RUJDQLVPV
DVVRFLDWHG ZLWK FHUWDLQ KRVW SKHQRW\SHV RIWHQ FRPSDULQJ D GLVHDVHG VWDWH WR D KHDOWK\
VWDWH\HWWKHXVHRIGLIIHUHQWSULPHUVPLJKWVKRZGLIIHUHQWELRPDUNHUV
6R IDU QHLWKHU FXUUHQWO\ DYDLODEOH SLSHOLQHV QRU WD[RQRPLF FODVVLILHUV KDYH EHHQ DEOH WR
HIILFLHQWO\ UHGXFH WKH QRLVH LQ WKLV W\SH RI GDWD 1HYHUWKHOHVV LQ SURSHUO\ GHQRLVHG
GDWDVHWVWD[RQRPLFDOSURILOHVULFKQHVVDQGGLYHUVLW\VKRXOGEHFORVHWRWKHH[SHFWHGYDOXHV
DQG WKH DEXQGDQFH RI XQDVVLJQHG DQG SRRUO\ DVVLJQHG UHDGV VKRXOG EH ORZ H[FHSW ZKHQ
GHDOLQJZLWK ODUJHO\XQH[SORUHGHQYLURQPHQWV WKDWDUHQRW VXIILFLHQWO\FRYHUHG\HWE\ WKH
UHIHUHQFH GDWDEDVHV$W ORZHU QRLVH OHYHOV GLIIHUHQW YDULDEOH UHJLRQV VKRXOG \LHOG VLPLODU






QHHGHG LPSURYHG UREXVWQHVV DJDLQVW HUURUV DVVRFLDWHG ZLWK WHFKQLFDO DVSHFWV RI WKHVH
VWXGLHVVXFKDV3&5SURWRFROVFKRLFHRI6U51$JHQHYDULDEOHUHJLRQDQGYDULDEOHUDWHV
RIVHTXHQFLQJHUURU7KHFRPPRQO\UHSRUWHGSUREOHPVVXFKDVPDQ\XQRUSRRUO\
FODVVLILHG278V LQIODWHGULFKQHVVDQGGLYHUVLW\ WD[RQRPLFSURILOHV WKDWGRQRWPDWFK WKH
H[SHFWHG RQHV UHJLRQ GHSHQGHQW WD[RQRPLF FODVVLILFDWLRQ DQG UHVXOWV EHLQJ KLJKO\
GHSHQGHQW RQPLQRU FKDQJHV LQ WKH H[SHULPHQWDO VHWXS KDYH EHHQ WDFNOHGZLWK1*7D[
'HVSLWH WKH VKRUW UHDG OHQJWK a QW DQG DOO WHFKQLFDO ELDVHV WKH DYHUDJH WD[RQRPLF
DVVLJQPHQW VSHFLILFLW\ IRU WKH SK\ORW\SHV LQFOXGHG LQ WKH 0&V ZDV  ,Q DGGLWLRQ
 RI WKH UHDGV FRXOG EH DVVLJQHG WR DW JHQXV OHYHO DQG  WR DW OHDVW IDPLO\
6SXULRXV JHQHUD UHSUHVHQWHG RQO\  RI WKH UHDGV SHU VDPSOH 0RUH LPSRUWDQWO\




WKH WUXH VDPSOH FRPSRVLWLRQ $GGLWLRQDOO\ WKH KLJK UREXVWQHVV DJDLQVW WHFKQLFDO ELDV




3ULPHU SDLUV ) ¶*7*&&$*&0*&&*&**7$$  5 ¶
**$&7$&+9***7:7&7$$7 DQG %6)) ¶5**$77$*$7$&&&  5
¶&*$&55&&$7*&$1&$&&7KDYHEHHQSUHYLRXVO\UHSRUWHGIRUDPSOLILFDWLRQRIWKH
9 DQG 9 9 UHJLRQV RI WKH EDFWHULDO 6 U51$ JHQH UHVSHFWLYHO\ 7KH\ ZHUH
VHOHFWHG EDVHG RQ  H[SHULPHQWDO YDOLGDWLRQ  WD[RQRPLF FRYHUDJH RI WKH UHOHYDQW




$W WKH WLPH RI VHTXHQFLQJ ,OOXPLQD¶V +LVHT DOORZHG IRU PXOWLSOH[LQJ RI XS WR
 VDPSOHV SHU ODQH XVLQJ DQ LQGH[ RU EDUFRGH UHDG SURYLGHG E\ ,OOXPLQD 7R DFKLHYH
RSWLPDO VDPSOH WKURXJKSXW DQG SK\ORJHQHWLF GHSWK  SULPHUV FRQWDLQLQJ D FXVWRP
GHVLJQHG QW EDUFRGH ZHUH GHYHORSHG WR FRPELQH ZLWK WKH ,OOXPLQD EDUFRGHV WR
UHDFK D PD[LPXP WKURXJKSXW RI î VDPSOHV SHU ODQH (DFK VHW RI  EDUFRGHG
VDPSOHV DUH UHIHUUHG WR DV ³OLEUDU\´ /RZ GLYHUVLW\ VDPSOHV VXFK DV 6 U51$ JHQH
DPSOLFRQVFDQ OHDG WRSUREOHPVZLWK EDVH FDOOLQJ GXH WR RYHUH[SRVXUH RI IOXRUHVFHQW
ODEHOV 7KHUHIRUH WKH VHW RI  EDUFRGHVZDVVSHFLILFDOO\GHVLJQHGWRSRVVHVVDQHTXDO
EDVHGLVWULEXWLRQRYHUWKHLUFRPSOHWH
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OHQJWK$GGLWLRQDOO\ WRDYRLGGLIIHUHQWLDODPSOLILFDWLRQDWZREDVH³OLQNHU´VHTXHQFHWKDW






$OO0&VZHUHPL[HG LQ WULSOLFDWH WR DFFRXQW IRU SLSHWWLQJ HUURU 7KHVH0&V UDQJHG IURP
VSHFLHVLQERWKHTXLPRODUDQGVWDJJHUHGFRPSRVLWLRQV2QH0&FRQWDLQHGPHPEHUV
DW YHU\ ORZ DEXQGDQFHV RI   DQG  7DEOH  $PSOLFRQV ZHUH JHQHUDWHG
HLWKHU IURP FORQHG 6 U51$ JHQH DPSOLFRQV LVRODWHV DYDLODEOH LQ WKH ORFDO FXOWXUH
FROOHFWLRQ RI WKH /DERUDWRU\ RI 0LFURELRORJ\ :DJHQLQJHQ 8QLYHUVLW\ RU VWUDLQV RUGHUHG
IURP '60= DQG FXOWXUHG DFFRUGLQJ WR '60= UHFRPPHQGDWLRQV DIWHU ZKLFK JHQRPLF
'1$ZDVLVRODWHGXVLQJWKH*HQHMHWJHQRPLF'1$LVRODWLRQNLW7KHUPRILVKHUVFLHQWLILF
$* 5HLQDFK =ZLWVHUODQG $ 6 U51$ JHQH VSHFLILF 3&5 ZDV SHUIRUPHG XVLQJ WKH
XQLYHUVDO SULPHUV ) ¶*777*$7&&7**&7&$*  5 ¶
**77$&&77*77$&*$&77 WR REWDLQ IXOO OHQJWK DPSOLFRQV RI ZKLFK VL]H DQG
FRQFHQWUDWLRQ ZHUH FKHFNHG RQ D  DJDURVH JHO DQG ZKLFK ZHUH FROXPQ SXULILHG DQG
TXDQWLILHGZLWK WKH4XELW IOXRURPHWHU DQGGV'1$%5DVVD\NLW ,QYLWURJHQ(XJHQH
86$$PSOLFRQVZHUHPL[HGLQWKH0&VWRREWDLQWKHVSHFLILHGUHODWLYHDEXQGDQFHV+LJK
TXDOLW\ IXOO OHQJWK UHIHUHQFH VHTXHQFHV RI DOO 0& PHPEHUV ZHUH REWDLQHG E\ 6DQJHU





KLJK ILGHOLW\ SRO\PHUDVH 7KHUPR ILVKHU VFLHQWLILF $* FKHFNHG IRU FRUUHFW VL]H DQG













LQVWHDG RI SRROLQJ ȝO LQ WULSOLFDWH 7DEOH  $ FRPSRVLWH VDPSOH IRU VHTXHQFLQJ ZDV
FUHDWHG E\ FRPELQLQJ HTXLPRODU DPRXQWV RI DPSOLFRQV IURP WKH LQGLYLGXDO VDPSOHV




:H KDYH XVHG 4,,0( WR EHQFKPDUN 1*7D[ ,OOXPLQD IDVWT ILOHV ZHUH GHPXOWLSOH[HG
TXDOLW\ILOWHUHGDQGDQDO\]HGXVLQJ4,,0(YZLWKFORVHGUHIHUHQFH278SLFNLQJ











ELRPHV LV DYDLODEOH WKURXJK WKH GLJLWDO YHUVLRQ RI WKH PDQXVFULSW DW
KWWSIUHVHDUFKFRPDUWLFOHVY'6
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VLJQDO UHQGHULQJ37 XQGHWHFWDEOH ,Q IDFW WKHPRVW DEXQGDQW VHTXHQFH UHSUHVHQWHG OHVV
WKDQRIWKHWRWDOUHDGVZKLOHIRUWKHRWKHUWKUHHUHJLRQVWKHPRVWDEXQGDQWVHTXHQFH
UHSUHVHQWHG PRUH WKDQ  6XSSOHPHQWDU\ ILJXUH % :H GHFLGHG WR UHPRYH WKH
VHTXHQFHV EHORQJLQJ WR 37 IURP99 VDPSOHV WR DYRLG UHJLRQ FOXVWHULQJ GXH WR WKH





6XSSOHPHQWDU\ )LJXUH  	 .PHDQV FOXVWHU SUHGLFWLRQ IRU 4,,0( UHVXOWV DQG 1*7D[ 7KH QXPEHU RI FOXVWHUV ZDV
VHOHFWHGXVLQJ WKH³HOERZFULWHULRQ´7KLVORRNVDW WKHSHUFHQWDJHRIYDULDQFHH[SODLQHGDVD IXQFWLRQRI WKHQXPEHURIFOXVWHUV
:KHQWKHPDUJLQDOJDLQRIWKHH[SODLQHGYDULDQFHGURSVLWJLYHVWKHOLQHDQDQJOHWKXVLQGLFDWLQJWKHQXPEHURIFOXVWHUV
6XSSOHPHQWDU\)LJXUH7D[RQRPLFFRYHUDJHRISULPHUV)RUZDUGOHIWEDUVDQGUHYHUVHULJKWEDUVSULPHUFRYHUDJHRIWKH











































7KH DLP RI WKLV VWXG\ ZDV WR FKDUDFWHUL]H WKH G\QDPLFV RI PLFURELDO FRPPXQLW\
FRPSRVLWLRQDQG DFWLYLW\ LQ DQ LQ YLWUR JXWPRGHO 7,0 IHGZLWK HLWKHU D QRUPDO GLHW
RUPRGLILHG YHUVLRQVIURPZKLFKWKHFDUERK\GUDWH03/&RUSURWHLQIUDFWLRQZDVGLOXWHG
/30&IRUK :H DOVR DVVHVHG WKH UREXVWQHVV DQG UHSURGXFLELOLW\ RI WKH PLFURELDO
UHVSRQVHV 7KH SURGXFWLRQ RI VKRUW FKDLQ IDWW\ DFLGV DQG EUDQFKHG FKDLQ IDWW\ DFLGV
UHIOHFWHGWKHTXDQWLW\RIFDUERK\GUDWH DQG SURWHLQ LQ WKH V\VWHP :H PRQLWRUHG WKH
GHYHORSLQJ PLFURELDO FRPPXQLWLHV WKURXJK 6 ULERVRPDO 51$ JHQH VHTXHQFLQJ RI
WZR YDULDEOH UHJLRQV DQG RYHUDOO HDFK GLHW SURGXFHG GLVWLQFW PLFURELDO FRPPXQLWLHV
DQG WHPSRUDO SDWWHUQV 7KH PLFURELRWD LQ UHDFWRUV IHG GLHWV FRQWDLQLQJ QRUPDO
FDUERK\GUDWH OHYHOV ZHUH HQULFKHG LQ PHPEHUV RI WKH JHQHUD 3UHYRWHOOD
6XEGROLJUDQXOXP %ODXWLD DQG %LILGREDFWHULXP DOO DVVRFLDWHG ZLWK FDUERK\GUDWH
IHUPHQWDWLRQ ,Q WXUQ WKH PLFURELRWD LQ WKH UHDFWRUV IHG WKH 03/&GLHW FRQWDLQLQJ WHQ
IROG OHVV FDUERK\GUDWHVZDV HQULFKHG LQ WKH JHQXV%DFWHURLGHVZKLFK LV DVVRFLDWHGZLWK
GLHWV ULFK LQ SURWHLQ DQG DQLPDO IDW 7KHVH REVHUYDWLRQV RI GLVWLQFW FRPPXQLWLHV ZHUH
FRUURERUDWHG DW D JOREDO IXQFWLRQDO OHYHO E\ DQDO\VLV RI WKH PHWDWUDQVFULSWRPH
7KH FXUUHQW VHWXS ZLOO DOORZ XV WR VWXG\ WKH WURSKLF LQWHUDFWLRQV DQG WDVN GLYLVLRQ
ZLWKLQ D FRPPXQLW\ DQG KRZ WKH\ DUH LPSDFWHG E\ GLHWUHODWHG IDFWRUV XQGHU FRQWUROOHG
FRQGLWLRQV 7KLV PD\ DVVLVW LQ GHILQLQJ FDXVDO OLQNV EHWZHHQ VSHFLILF PLFURELDO JURXSV
DQGWKHLUDFWLYLWLHVDQGGLHWGHULYHGSDUDPHWHUV




FDSDFLW\ WKDQ WKH KRVW 7KLV GHQVHO\ LQKDELWHG HFRV\VWHP SHUIRUPV GLIIHUHQW HVVHQWLDO
IXQFWLRQVIRU WKHKRVWEXWKDVDOVREHHQDVVRFLDWHGZLWKDSOHWKRUDRIKXPDQSDWKRORJLHV
7KHUHIRUHPDQ\VWXGLHVKDYHLQYHVWLJDWHGWKHSRWHQWLDOWRPRGXODWHPLFURELDOFRPSRVLWLRQ
DQG PHWDEROLF DFWLYLW\ ZLWK WKH DLP RI LPSURYLQJ KRVW KHDOWK ,Q YLYR DQG LQ YLWUR
PRGHOV KDYH VHUYHG DV YDOXDEOH WRROV WR LQYHVWLJDWH IHUPHQWDWLRQ LQ WKH JDVWURLQWHVWLQDO
WUDFW DQG WR H[SORUH WKH FRPSOH[LW\ RI PLFUREHPLFUREH LQWHUDFWLRQV  ,Q WKH
SDUWLFXODU FDVH RI LQYLWUR PRGHOV PDQ\ VHWXSV KDYH EHHQ GHYHORSHG LQ RUGHU WR
VWXG\ WKH LPSDFW RIHQYLURQPHQWDO YDULDEOHV )RU LQVWDQFH GLIIHUHQW DSSOLFDWLRQV KDYH
EHHQ XVHG WR DVVHVV WKH ELRDYDLODELOLW\ RI HQYLURQPHQWDO FRQWDPLQDQWV   WKH
LPSDFW RI IHUPHQWDWLRQ RI SUHELRWLFV  DQG PHFKDQLVWLF VWXGLHV XVLQJ VWDEOH
LVRWRSHV KDYH EHHQ SHUIRUPHG WR LGHQWLI\ PLFURRUJDQLVPV LQYROYHG LQ WKH GHJUDGDWLRQ
RI VSHFLILF GLHWDU\ FRPSRQHQWV ,Q YLWUR JXW IHUPHQWDWLRQ PRGHOV RYHUFRPH PDQ\
OLPLWDWLRQV RI LQ YLYR VWXGLHV ZKLFK LQFOXGH LVVXHV RI FRVWV KXPDQ YROXQWHHU
FRPSOLDQFH HWKLFDO DSSURYDO GLIILFXOWLHV DVVRFLDWHG ZLWK VDPSOLQJ IURP GLIIHUHQW
UHJLRQV LQ WKH JXW DQG WKHLU LQDELOLW\ WR GHWHUPLQH HIIHFWV EDVHG VROHO\ RQ PLFURELRWD
DFWLYLW\  +RZHYHU GLIIHUHQW FULWHULD QHHG WR EH IXOILOOHG E\ LQ YLWUR JXW PRGHOV
EHIRUH WKH\ FDQ EH FRQVLGHUHG YDOLG IRU PRQLWRULQJ WKH HIIHFWV RI VSHFLILF
LQWHUYHQWLRQVWUHDWPHQWV RQ WKH PLFURELRWD ,W LV LPSRUWDQW WR HQVXUH UHSHDWDELOLW\
UREXVWQHVV DQG UHSURGXFLELOLW\ RI WKH PRGHO DQG WKH\ PXVW EH FDSDEOH WR PDLQWDLQ WKH
FKDUDFWHULVWLF KLJK GLYHUVLW\ DQG IXQFWLRQDO FRPSOH[LW\ RI WKH KXPDQ JXW
PLFURELRWD
7KH DLP RI WKLV VWXG\ZDV WR FRPSRVLWLRQDOO\ DQG IXQFWLRQDOO\ FKDUDFWHUL]H WKHPLFURELDO
FRPPXQLWLHV WKDW GHYHORS LQ DQ LQ YLWUR PRGHO VLPXODWLQJ WKH SUR[LPDO FRORQ WKH
7,0 V\VWHP ZKHQ IHG ZLWK GLIIHUHQW GLHWV IRU K 7KHVH GLHWV ZHUH WKH
VWDQGDUG VLPXODWHG LOHDO HIIOX[ PHGLXP 6,(0 ZKLFK VLPXODWHV WKH DYHUDJH
SURWHLQ DQG QRQGLJHVWLEOH FDUERK\GUDWH &+2 FRQVXPHG LQ D QRUPDO :HVWHUQ
GLHW 9DULDWLRQV WKHUHRI ZHUH PDGH E\ GLOXWLQJ WKH SURWHLQ RU &+2 IUDFWLRQ 7KHVH
GLHWV ZHUH WHUPHG /RZ 3URWHLQ0RGHUDWH &DUERK\GUDWH /30& DQG 0RGHUDWH 3URWHLQ
/RZ &DUERK\GUDWH 03/& UHVSHFWLYHO\ 6LPXOWDQHRXVO\ ZH HYDOXDWHG WKH DELOLW\ RI
WKH 7,0 V\VWHP WR UHSURGXFH WKH WHPSRUDO UHVSRQVH RI WKH PLFURELRWD DW WKH OHYHO
RI FRPSRVLWLRQ E\ 6 ULERVRPDO 51$ U51$ JHQH DPSOLFRQ VHTXHQFLQJ DFWLYLW\
PHWDWUDQVFULSWRPLFV DQG RYHUDOO PHWDEROLF UHVSRQVH E\ TXDQWLI\LQJ WKH VKRUW
FKDLQ IDWW\ DFLGV 6&)$ DFHWDWH SURSLRQDWH DQG EXW\UDWH WKH EUDQFKHG FKDLQ
IDWW\ DFLGV %&)$ LVREXW\UDWH DQG LVRYDOHUDWH DQG DPPRQLD 6RPH RI WKHVH
PHWDEROLWHV VXFK DV DFHWDWH DUH LQWHUPHGLDWHV LQ FRPSOH[ PLFURELDO IRRGZHEV







7KH LQRFXOXP XVHG IRU WKH 7,0 H[SHULPHQWV FRQVLVWHG RI DQ DFWLYH SRROHG IHFDO
PLFURELRWDSUHSDUHGIURPVHYHQKHDOWK\YROXQWHHUVPDOHQ IHPDOHQ DYHUDJHDJH 
\%0, NJP:HKDYHSUHYLRXVO\VKRZQWKDWSRROLQJGRHVQRWUHVXOW
LQDQDEHUUDQWPLFURELRWDFRPSRVLWLRQRUDFWLYLW\)HFDOVDPSOHVZHUHFROOHFWHGXVLQJD
FRQWDLQHU NLW ZKLFK ZDV PDLQWDLQHG XQGHU DQR[LF FRQGLWLRQV E\ XVLQJ DQDHURELF SDFNV
$QDHUR*HQ70 2[RLG &DPEULGJH 8. 6DPSOHV ZHUH KRPRJHQL]HG LQ DQ DQDHURELF
FDELQHW  1  &2  + DQG XVHG WR LQRFXODWH D IHGEDWFK IHUPHQWRU
VLPXODWLQJWKHKXPDQµFHFXP¶FRQGLWLRQVDVGHVFULEHGHDUOLHU,QVKRUWPOIRRGZDV
LQRFXODWHGZLWK J RI SRROHG VWRROV7KH LQFXEDWLRQZDV GRQH DW Û& IRU K DQG WKH
IHUPHQWRU ZDV FRQVWDQWO\ IOXVKHG ZLWK JDVHRXV QLWURJHQ LQ RUGHU WR JXDUDQWHH DQDHURELF
FRQGLWLRQV ,Q DGGLWLRQ PO RI IRRG ZDV VXSSOLHG LQ IHGEDWFK PRGH GXULQJ WKH




LQSDUDOOHOHDFKZHHN7KHGLVWULEXWLRQRI WKHGLHWV LQHDFKXQLW LV VKRZQLQ7DEOH7KH
7,0V\VWHPZDV IOXVKHGZLWK1DW&IRUKSULRU WR LQWURGXFWLRQRI WKH LQRFXOXP
7KHS+ZDVNHSWDWRUDERYHE\DXWRPDWLFWLWUDWLRQZLWK1D2+0$POSRUWLRQRI
IHFDOKRPRJHQDWHZDVXVHG WR LQRFXODWH WKHVHSDUDWHXQLWV IRUHDFKH[SHULPHQW(DFKXQLW
























7ZHHQ  EDFWRSHSWRQH FDVHLQH DQG R[ELOH DQG WKH IROORZLQJ FDUERK\GUDWHV SHFWLQ
[\ODQ DUDELQRJDODFWDQ DP\ORSHFWLQ DQG VWDUFK 7KH /30& GLHW  &+2 SURWHLQ
FRQVLVWHG RI 6,(0 WKDW ZDV PRGLILHG E\ GLOXWLQJ WKH FRQFHQWUDWLRQ RI 7%&2 WHQ WLPHV







86$ DQG  O DFLGSKHQRO 3KHQRO:DWHU  YY S+   í ,QYLWURJHQ
&DUOVEDG &$ 86$ 6DPSOHV ZHUH WUHDWHG  WLPHV LQ D )DVW3UHS 3UHFHOO\V  %HUWLQ
7HFKQRORJLHV86$DWVSHHGIRUVDQGODWHUFHQWULIXJHGDWJIRUPLQDW
& '1$ ZDV VXEVHTXHQWO\ SXULILHG E\ H[WUDFWLRQ ZLWK D 0D[ZHOO 0'[ 3URPHJD
0DGLVRQ 86$ IROORZLQJ WKH ³ 7LVVXH /(9 7RWDO 51$´ SURWRFRO DFFRUGLQJ WR
PDQXIDFWXUHU¶VLQVWUXFWLRQ
0XOWLSOH[6U51$JHQHDPSOLFRQVHTXHQFLQJ
6 U51$JHQH DPSOLFRQ VHTXHQFLQJZDVSHUIRUPHG DVGHVFULEHGSUHYLRXVO\6KRUWO\
3ULPHU SDLUV ) ¶*7*&&$*&0*&&*&**7$$  5 ¶




IURP WKH LQGLYLGXDO VDPSOHV IROORZHG E\ SXULILFDWLRQ DQG FRQFHQWUDWLRQ XVLQJ PDJQHWLF
EHDGV WR UHPRYHDQ\ UHPDLQLQJFRQWDPLQDQWV7KH UHVXOWLQJ OLEUDULHVZHUH VHQW WR*$7&
%LRWHFK$*.RQVWDQ]*HUPDQ\IRUVHTXHQFLQJRQDQ,OOXPLQD+LVHTLQVWUXPHQW
0LFURELRWDFRPSRVLWLRQSURILOLQJ
'HPXOWLSOH[LQJ278SLFNLQJ DQG WD[RQRPLF DVVLJQPHQWV XVLQJ WKH 6LOYDBB6685HI
GDWDEDVH ZHUH GRQH ZLWK 1*WD[ XVLQJ GHIDXOW VHWWLQJV 7KUHH GDWDVHWV ZHUH FUHDWHG
ate ͹ 

EDVHG RQ WKH999 GDWD DQG D FRPELQDWLRQ RI WKH WZR E\ VHTXHQFH SUHGLFWLRQ ,Q
VKRUW ERWK GDWDVHWV JHQHUDWH GLIIHUHQW 278V DQG WKHUHIRUH FDQQRW EH GLUHFWO\ FRPSDUHG
KRZHYHUE\SUHGLFWLQJWKHPLVVLQJUHJLRQVUHJLRQ9IRU99DQGYLFHYHUVDEDVHGRQ
WKHPRVWUHSHDWHGVHTXHQFHLQWKHUHIHUHQFHGDWDEDVHZHFRXOGFRPELQHWKHLQIRUPDWLRQRI
WKH WZR GDWDVHWV DQG LPSURYH UREXVWQHVV DJDLQVW DPSOLILFDWLRQ ELDV DQG SULPHU FRYHUDJH
6WDWLVWLFDODQDO\VLVDQGYLVXDOL]DWLRQVZHUHGRQHZLWK4,,0(YDQG5YHUVLRQ
6WDWLVWLFDO GLIIHUHQFHV RI WKH UHODWLYH DEXQGDQFH RI VSHFLILF WD[D EHWZHHQ GLHWV ZHUH




7RWDO 51$ ZDV H[WUDFWHG IURP WKH OXPLQDO VDPSOHV IROORZLQJ D 0DFDORLGEDVHG 51$
LVRODWLRQSURWRFROZKLFKLQFRUSRUDWHGWKHXVHRIDSKDVHORFNJHO*/3LQRUGHUWR
HIIHFWLYHO\ LVRODWH WKH QXFOHLF DFLGFRQWDLQLQJ SKDVH IURP WKH VDPSOH DV SUHYLRXVO\
GHVFULEHG7KH51HDV\PLQL NLW 4,$*(1&$86$ZDVXVHG IRU51$SXULILFDWLRQ
DQGLQFOXGHGWKHXVHRIDQRQFROXPQ'1$VH,5RFKH*HUPDQ\WUHDWPHQWWRUHPRYH
'1$ IURP WKH VDPSOHV 51$ TXDQWLW\ DQG TXDOLW\ ZHUH DVVHVVHG XVLQJ D 1DQR'URS
&VSHFWURSKRWRPHWHU7KHUPR6FLHQWLILF86$([SHULRQ51$6WGVHQVDQDO\VLV
NLW %LRUDG /DERUDWRULHV ,QF 86$ DQG SORWWLQJ 66 U51$ UDWLRV ([SHULRQ
6RIWZDUH9%LR5DG86$
([WUDFWHG 51$ ZDV HQULFKHG IRU QRQULERVRPDO 51$ XVLQJ WKH 5LER=HUR U51$
UHPRYDO NLW (SLFHQWUH0DGLVRQ86$ DFFRUGLQJ WR WKHPDQXIDFWXUHU
V LQVWUXFWLRQV7KH
U51$GHSOHWHGVDPSOHZDVSXULILHGE\SUHFLSLWDWLRQZLWKHWKDQRODV IROORZV7KHYROXPH
RI HDFK 51$ VDPSOH ZDV DGMXVWHG WR  O XVLQJ 51DVH)UHH ZDWHU DQG VXEVHTXHQWO\
PL[HGZLWKORI0VRGLXPDFHWDWHORIJO\FRJHQPJPODQGYROXPHVRILFH




ZDWHU 7KH TXDOLW\ RI WKH WUHDWHG 51$ ZDV DVVHVVHG XVLQJ D 1DQR'URS &
VSHFWURSKRWRPHWHU 7KHUPR 6FLHQWLILF 86$ DQG ([SHULRQ 51$ 6WGVHQV DQDO\VLV NLW





V LQVWUXFWLRQV7KHVDPSOHVZHUH VHQW IRU
VHTXHQFLQJDW*$7&%LRWHFK.RQVWDQ]*HUPDQ\
7nai o ioial onit ooition and atiit in an in ito t odel ed dieent diet  

0HWDWUDQVFULSWRPHDQDO\VLV
'HVSLWH WKH HQULFKPHQW RI P51$ U51$ GHSOHWLRQ LV JHQHUDOO\ LQFRPSOHWH 7KHUHIRUH
UHPDLQLQJ WKH U51$ VHTXHQFHV ZHUH UHPRYHG ZLWK 6RUW0H51$ DV GHVFULEHG





6&)$ DFHWDWH SURSLRQDWH DQG EXW\UDWH DQG %&)$ LVREXW\UDWH DQG LVRYDOHUDWH ZHUH
TXDQWLILHG DV GHVFULEHG SUHYLRXVO\ ,Q EULHI VDPSOHV ZHUH FHQWULIXJHG a J 
PLQ DQG WR WKH FOHDU VXSHUQDWDQW DPL[WXUHRI IRUPLF DFLG PHWKDQRO DQGHWK\O
EXW\ULFDFLGLQWHUQDOVWDQGDUGPJPOLQPHWKDQROZDVDGGHG$OVDPSOHZLWKDVSOLW
UDWLRRIZDVLQMHFWHGRQD*&FROXPQ=%+7 LQIHUQR ,'PP ILOPWKLFNQHVV
 XP =HEURQ SKHQRPHQH[ 86$ LQ D 6KLPDG]X *& JDV FKURPDWRJUDSK
$PPRQLDZDVTXDQWLILHGE\%LRD1$O\WL;0RRN7KH1HWKHUODQGV
6WDWLVWLFDODQDO\VLVRIPHWDEROLWHGDWD
7KH H[SHULPHQWV ZHUH SHUIRUPHG LQ VHULHV RI IRXU UHSOLFDWHV SHU GLHW 7DEOH  5HVXOWV
DUH SUHVHQWHG DV PHDQ  6' 6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH 6$6
VWDWLVWLFDO VRIWZDUHSDFNDJH 6$6YHUVLRQ6$6,QVWLWXWH&DU\1&3URF*SORWVZHUH
XVHG WR WHVW RXWFRPH YDULDEOHV IRU QRUPDOLW\ RI GLVWULEXWLRQ 7KH GLIIHUHQW
PHWDEROLWHV ZHUH ORJ WUDQVIRUPHG DQG FRPSDUHG LQ D PL[HG PRGHO 1R RXWOLHUV ZHUH
GHWHFWHG 7KH $129$ PRGHO FRQVLGHUHG GLHW DQG WLPH W W W W DV IL[HG
IDFWRUV 7KH IDFWRU UHSOLFDWH ZKLFK LV WKH QXPEHU RI SHUIRUPHG H[SHULPHQWV ZDV






'LHW 'DWH 8QLW 5XQ
1RUP ZHHN 0D 
1RUP ZHHN 0D 
/30& ZHHN 0E 
/30& ZHHN 0E 
03/& ZHHN 0F 
03/& ZHHN 0F 
1RUP ZHHN 2D 
1RUP ZHHN 2D 
/30& ZHHN 2E 
/30& ZHHN 2E 
03/& ZHHN 2F 
03/& ZHHN 2F 
1RUP ZHHN 0D 
1RUP ZHHN 0D 
/30& ZHHN 0E 
/30& ZHHN 0E 
03/& ZHHN 0F 
03/& ZHHN 0F 
1RUP ZHHN $D 
1RUP ZHHN $D 
/30& ZHHN $F 
/30& ZHHN $F 
03/& ZHHN $G 
03/& ZHHN $G 
5HVXOWV
0LFURELRWDSURILOLQJ
7KH DYHUDJH QXPEHU RI UHDGV SHU VDPSOH ZDV    7R HQVXUH UREXVW DQG
UHSURGXFLEOH FRPSRVLWLRQDO GDWD EDVHG RQ VHTXHQFLQJ RI 6 U51$JHQH DPSOLFRQV ZH
DPSOLILHG DQG VHTXHQFHG WZR YDULDEOH UHJLRQV 7R GHWHUPLQH WKH UHVROXWLRQ DW ZKLFK ZH
FRXOGGLVFHUQELRORJLFDOGLIIHUHQFHVVHYHUDOVDPSOHVZHUHSURFHVVHGLQGXSOLFDWH3&5DQG
VHTXHQFLQJ)XUWKHUPRUH VHTXHQFLQJZDVSHUIRUPHG LQ WZR LQGHSHQGHQW UXQV:HLJKWHG
8QLIUDFGLVWDQFHV:8DPHDVXUHRIFRPPXQLW\VLPLODULW\EHWZHHQWHFKQLFDOUHSOLFDWHV
ZHUHVLJQLILFDQWO\VPDOOHUWKDQEHWZHHQVDPSOHVDVVLJQHGWRGLIIHUHQWELRORJLFDOO\UHOHYDQW
FDWHJRULHV HJ GLIIHUHQW GLHWV GLIIHUHQW WLPH SRLQWV GXULQJ IHUPHQWRU UXQV HWF
DQG EHWZHHQUDQGRPVDPSOHVSHLQGLFDWLQJDVPDOOWHFKQLFDOHUURU)LJXUH
7nai o ioial onit ooition and atiit in an in ito t odel ed dieent diet  

)LJXUH%R[SORWV VKRZLQJZHLJKWHG8QLIUDF
GLVWDQFHV IRU GLIIHUHQW FDWHJRULHV :LWKLQ
UHSOLFDWH GLVWDQFHV DUH VLJQLILFDQWO\
VPDOOHU WKDQ RWKHU GLVWDQFHV SH DQG
ZLWKLQ GLHW GLVWDQFHV DUH VLJQLILFDQWO\ VPDOOHU
WKDQ EHWZHHQ GLHWGLVWDQFHVSH
&RPPXQLW\G\QDPLFV
$IWHU LQRFXODWLRQDQGGXULQJWKHVWDELOL]DWLRQSKDVH LHFRPSDULQJVDPSOHVWDNHQDW WK
DQG W WKH GLYHUVLW\ )DLWKV SK\ORJHQHWLF GLYHUVLW\ GURSSHG VLJQLILFDQWO\
&RQVHTXHQWO\ WKH FRPSRVLWLRQ DW W ZDV FKDUDFWHUL]HG E\ KLJK UHODWLYH DEXQGDQFHV RI
PDLQO\IDFXOWDWLYHDQDHUREHVVXFKDV6WUHSWRFRFFXVDQG/DFWRFRFFXV)LJXUHDOWKRXJK
QRW UHSUHVHQWDWLYH RI WKH FRORQ WKLV LV D QRUPDO REVHUYDWLRQZKHQ XVLQJ WKLV V\VWHPZLWK
WKLV VHWXS 1HYHUWKHOHVV WKLV GURS LQ GLYHUVLW\ DQG WKH UHVXOWDQW FRPPXQLW\ ZDV
UHSURGXFLEOH DV QR VLJQLILFDQW GLIIHUHQFH LQ GLYHUVLW\ DQG UHODWLYH DEXQGDQFH DW
JHQXV OHYHO EHWZHHQ XQLWV DQG UHSOLFDWHV ZDV IRXQG )'5! 7KHUHIRUH DOO
H[SHULPHQWV VWDUWHG ZLWK VLPLODU LQLWLDO FRPPXQLWLHV ZKLFK ZHUH YHU\ GLIIHUHQW
IURP WKH UHVW RI WKH FRPPXQLWLHV DW RWKHU WLPH SRLQWV GXULQJ WKH LQWHUYHQWLRQ 7KH
ODUJHVW VKLIW LQ FRPPXQLW\ FRPSRVLWLRQ RFFXUUHG LQ WKH ILUVW K IRU DOO GLHWV
S DQG WKH VPDOOHVW FKDQJH ZDV LQ WKH 03/& GLHW S $IWHU W WKH
UDWH RI FKDQJH VWD\V DW WKH VDPH OHYHO IRU WKH /30& DQG QRUPDO GLHW EXW IRU WKH
03/& GLHW WKH FKDQJH VORZHG GRZQ ZLWK D VPDOOHU GLVWDQFH EHWZHHQ W WKDQ
EHWZHHQ WW S )LJXUH $ 7KLV LV FRUURERUDWHG E\ D WUHQG LQ GLYHUVLW\
ZKLFKVKRZVDVLPLODUSDWWHUQRILQFUHDVLQJGLYHUVLW\WKURXJKRXWWKHH[SHULPHQW H[FHSW IRU
WKH 03/& GLHW ZKLFK VKRZV D VOLJKW GURS LQGLFDWLYH WKDW DQ HTXLOLEULXP KDV EHHQ
UHDFKHG )LJXUH % $IWHU WKH DGGLWLRQ RI WKH GLIIHUHQW GLHWV GLVWLQFW FRPPXQLWLHV
IRUPHG )LJXUH & 7R WKLV HQG XQZHLJKWHG XQLIUDF 88 EDVHG 3ULQFLSOH
&RRUGLQDWH $QDO\VLV 3&R$ VKRZHG PRUHSURQRXQFHG VHSDUDWLRQ RI W VDPSOHV IURP
WKRVH WDNHQ GXULQJ WKH IHUPHQWDWLRQ LQ WKH SUHVHQFH RI WKH GLIIHUHQW GLHWV WKDQ WKH
FRUUHVSRQGLQJ :83&R$ LQGLFDWLQJ WKDW WKH GHYHORSLQJ FRPPXQLWLHV ZHUH QRW RQO\

















GLHWV GHYLDWHG WRZDUGV D GLVWLQFW FRPSRVLWLRQ )LJXUH & 7KH PLFURELDO FRPPXQLWLHV
GHYHORSLQJ LQ WKH 7,0 PRGHO LQ WKH SUHVHQFH RI WKH 03/& GLHW ZHUH PRVW GLVWLQFW
UHJDUGLQJ FRPSRVLWLRQ DV ZHOO WKHLU WHPSRUDO G\QDPLFV &RPSDUHG WR WKH RWKHU GLHWV
0/3&IHGIHUPHQWHUVVKRZHGVLJQVRILQFUHDVHGVWDELOLW\DIWHUKEDVHGRQGLYHUVLW\:8
GLVWDQFHVDW FRQVHFXWLYH WLPHSRLQWVDQGSDWWHUQVRI VXFFHVVLRQ )LJXUHV'HVSLWH WKH
PLQRUGLIIHUHQFHV LQFRPSRVLWLRQEHWZHHQ WKH7,0XQLWVDQG LQGLIIHUHQW UHSOLFDWH UXQV
)LJXUH  WKH GLHW HIIHFWZDV FOHDUO\ YLVLEOH )LJXUH & DQGZLWKLQ GLHW:8GLVWDQFHV
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
$OWKRXJKDOOGLHWVUHVXOWHGLQGLVWLQFWFRPPXQLWLHV)LJXUH&VRPHSDWWHUQVRIVXFFHVVLRQ
ZHUHYLVLEOHZLWKLQDOOGLHWVDQGXQLWVH[FHSW IRURQHXQLW 2EZKLFKVKRZHGD VOLJKWO\
GHYLDQWSDWWHUQFRPSDUHGWRWKHRWKHUXQLWVZLWKWKHVDPHGLHW)LJXUH2YHUDOOPHPEHUV
RI&ORVWULGLXP(QWHURFRFFXVDQG6WUHSWRFRFFXVGHFUHDVHGZKLOH3UHYRWHOODLQFUHDVHG
$ORQJ ZLWK 3UHYRWHOOD DOVR 6XEGROLJUDQXOXP %ODXWLD DQG %LILGREDFWHULXP LQFUHDVHG LQ
UHODWLYH DEXQGDQFH LQ WKHQRUPDO DQG/30&GLHWVXS WR W+RZHYHU DW WGLIIHUHQFHV




VXFFHVVLRQ SDWWHUQ FRPSDUHG WR WKH RWKHU WZR GLHWV $W W  UHODWLYH DEXQGDQFH RI
3UHYRWHOOD %DFWHURLGHV DQG /DFKQRVSLUDFHDHJBB,QFHUWDHB6HGLV LQFUHDVHG ZKLOH LQ
FRQWUDVWWKHWD[DWKDWLQFUHDVHGLQWKHRWKHUWKHGLHWVZLWKDPSOH&+26XEGROLJUDQXOXP
%ODXWLD DQG %LILGREDFWHULXP VKRZHG D VOLJKW GHFUHDVH $W K 3UHYRWHOOD GHFUHDVHG LQ
UHODWLYH DEXQGDQFH LQ WKH 03/& GLHWIHG XQLWV ZKLOH %DFWHURLGHV DQG





)LJXUH  6XFFHVVLRQ SDWWHUQV RQ HDFK GLHW +HDWPDS RI JHQXV OHYHO SK\ORW\SHV ZKRVH UHODWLYH DEXQGDQFH VLJQLILFDQWO\














































































































































































−0.2    0
Value
Color Key
−0.6 −0.4    0.2   0.2




8QVXSHUYLVHG FOXVWHULQJ RI.(** IXQFWLRQDOLW\ UHYHDOHG VLPLODU IXQFWLRQDOLW\ DW W  DQG
FOXVWHULQJE\GLHW DW W  )LJXUH$W W QRQHRXWRI WKH LGHQWLILHG IXQFWLRQV




)LJXUH  .(** IXQFWLRQDOLW\ GLVWDQFH
SORW RI WLPHSRLQW W DQG W
%LRORJLFDOFRHIILFLHQWRIYDULDWLRQ %&9
LV WKH GLVWDQFH EDVHG RQ ELRORJLFDO





ZDV XVHG DV D SUR[\ RI DFLG SURGXFWLRQ LQ WKH OXPHQ 7KH SURGXFWLRQ RI DFLG ZDV
VLJQLILFDQWO\KLJKHURQWKH/30&GLHWSDWWDQGVLJQLILFDQWORZHURQWKH03/&
GLHW S  IRU W DQGFRPSDUHG WR WKHQRUPDO GLHW  )LJXUH 7DEOH6 ,Q
DGGLWLRQ ERWK /30& DQG03/& GLHWV ZHUH VLJQLILFDQWO\ GLIIHUHQW IURPHDFK RWKHU S 
 IURP W WR W 7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ 1D2+
FRQVXPHGDIWHUWKHDGDSWDWLRQSHULRGEHWZHHQWKHWKUHHGLHWV
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)LJXUH  &XPXODWLYH FRQVXPSWLRQ RI 1D2+ 0
GXULQJ WKH K IHUPHQWDWLRQV .H\ S   VSHFLILF













W W W W
1RUP    
/30&    




$ VHSDUDWH DQDO\VLV RI WKH SURGXFWLRQ RI DFHWDWH SURSLRQDWH DQG QEXW\UDWH UHYHDOHG D
VLPLODUSDWWHUQDVWKHWRWDO6&)$&RPSDUHGWRWKHQRUPDOGLHWWKHFXPXODWLYHSURGXFWLRQ
RIHDFKVHSDUDWH6&)$ZDVVLJQLILFDQWO\ORZHULQWKH03/&DQG/30&GLHWVDWKDQGDW
DOPRVW DOO WLPH SRLQWV H[FHSW IRU QEXW\UDWH DW W  WKH SURGXFWLRQ RI DOO 6&)$ ZDV




)LJXUH  .LQHWLFV RI VHSDUDWH 6&)$ SURGXFWLRQ $YHUDJH  6' NLQHWLFV RI FXPXODWLYH 6&)$ SURGXFWLRQ
PPRORIDDFHWDWHESURSLRQDWHFDQGQEXW\UDWH9DOXHVZHUH DUWLILFLDOO\ VHW WR ]HUR DW W .H\  S   VSHFLILF
WLPH SRLQW LV VLJQLILFDQWO\ GLIIHUHQW FRPSDUHG WR WKH QRUPDO GLHW S   VSHFLILF WLPH SRLQW LV VLJQLILFDQWO\
GLIIHUHQW FRPSDUHG WR WKH /30&GLHW
%&)$DQGDPPRQLD
$IWHU K WKH03/& GLHW VKRZHG WKH KLJKHVW SURGXFWLRQ RI DPPRQLD WRWDO %&)$ DQG
ERWK LVREXW\UDWH DQG LVRYDOHUDWH ,Q FRQWUDVW WKH /30& GLHW WKDW FRQWDLQHG WHQ
WLPHV OHVV SURWHLQ VKRZHG DOPRVW QR SURGXFWLRQ RI WKHVH PHWDEROLWHV $IWHU K
FXPXODWLYH %&)$ DPPRQLD DQG LVREXW\UDWH DQG LVRYDOHUDWH SURGXFWLRQ ZDV 1RUPDO
! /30& ! 03/& ZKLFK LV D UHIOHFWLRQ RI WKH WRWDO FDORULHV IURP SURWHLQ LQ WKH
UHVSHFWLYH GLHWV 7DEOH  )LJXUH 
7DEOH7RWDO%&)$SURGXFWLRQ$YHUDJH 6' WRWDO%&)$VXPRI LVREXW\UDWHDQG LVRYDOHUDWHPPROSURGXFHG LQWKH
7,0V\VWHPGXULQJWKHKIHUPHQWDWLRQH[SHULPHQWVZLWKWKHWKUHHGLHWV
'LHW 7RWDO%&)$PPRO
W W W W
1RUP    
/30&    
03/&    
.H\9DOXHVZHUHDUWLILFLDOO\VHW WR]HURDW WKHVWDUWWSVSHFLILF WLPHSRLQW LVVLJQLILFDQWO\GLIIHUHQW
FRPSDUHG WR WKH QRUPDO GLHW S   VSHFLILF WLPH SRLQW LV VLJQLILFDQWO\ GLIIHUHQW FRPSDUHG WR WKH
/30&GLHW
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)LJXUH  3URGXFWLRQ RI VHSDUDWH %&)$
$YHUDJH  6' NLQHWLFV RI FXPXODWLYH
%&)$ SURGXFWLRQ PPRO LQ WKH
H[SHULPHQWV D LVREXW\UDWH DQG E LVR
YDOHUDWH9DOXHVZHUHDUWLILFLDOO\VHW WR]HUR
DW W.H\S VSHFLILF WLPH SRLQW
LV VLJQLILFDQWO\ GLIIHUHQW FRPSDUHG WR WKH
QRUPDO GLHW S   VSHFLILF WLPH SRLQW
LV VLJQLILFDQWO\ GLIIHUHQW FRPSDUHG WR WKH
/30&GLHW
)LJXUH  $PPRQLD SURGXFWLRQ
$YHUDJH NLQHWLFV RI FXPXODWLYH
DPPRQLD SURGXFWLRQ PPRO
9DOXHV ZHUH DUWLILFLDOO\ VHW WR ]HUR DW
WKH W .H\ S   VSHFLILF
WLPH SRLQW LV VLJQLILFDQWO\ GLIIHUHQW
FRPSDUHG WR WKH QRUPDO S  
VSHFLILF WLPH SRLQW LV VLJQLILFDQWO\
GLIIHUHQW FRPSDUHG WR WKH KLJK &+2
GLHW
'LVFXVVLRQ
0XOWLSOH YHUVLRQV RI LQ YLWUR JXW PRGHOV DUH FXUUHQWO\ DYDLODEOH DOO RI WKHP SUHVHQWLQJ
GLIIHUHQW OHYHOV RI FRPSOH[LW\ LQ WKHLU GHVLJQ 6RPH LQ YLWUR PRGHOV FRQVLVW RI D VLPSOH
EDWFK FXOWXUH VRPH RWKHUV DUH VRSKLVWLFDWHG FRQWLQXRXV PXOWLVWDJH VHPL FRQWLQXRXV
FXOWXUHV  %RWKDUHFKDUDFWHUL]HGE\ WKHXVHRI IHFDOPLFURELRWDDV LQRFXOXPDQG
WKHLURSHUDWLRQLVVWULFWO\FRQWUROOHG7KHPRUHVRSKLVWLFDWHGPRGHOVDUHPRVWO\SHUIRUPHG
DWSK\VLRORJLFDO WHPSHUDWXUHS+ IRRG LQWDNHDQGDQDHURELFFRQGLWLRQV 'HVSLWH WKH
HIIRUWVLQFORVHO\VLPXODWLQJWKHKXPDQJXWLQYLWURJXWPRGHOVFDQQRWEHFRQVLGHUHGDVDQ
DWWHPSWWRSURYLGHDQH[DFWUHSOLFDWHRIWKHKXPDQLQWHVWLQH7KHFRPSOH[LW\RIKRVW





RUGHU WR HQVXUH WKHLU UHSHDWDELOLW\ UREXVWQHVV DQG UHSURGXFLELOLW\ IRU H[SHULPHQWDO
VWXGLHV
7KH 712 G\QDPLF LQ YLWUR PRGHO RI WKH SUR[LPDO FRORQ 7,0 LV RQH H[DPSOH RI D
ZLGHO\ XVHG PRGHO WR VWXG\ FRPSRVLWLRQDO DQG IXQFWLRQDO FKDQJHV LQ WKH JXW PLFURELRWD
FDXVHG E\ GLIIHUHQW IHUPHQWDEOH VXEVWUDWHV 7KH RSHUDWLRQDO FRQGLWLRQV LQ 7,0 DUH
ULJRURXVO\FRQWUROOHGDQGVWDQGDUGL]HG)XUWKHUPRUHDVGHVFULEHGE\0LQHNXVHWDOWKH
PRGHO ZDV YDOLGDWHG FRPSDULQJ L WKH FRPSRVLWLRQ LL WKH HQ]\PDWLF DFWLYLW\ DQG LLL




DPSOLFRQ VHTXHQFLQJ DQG 51$VHT WR FKDUDFWHUL]H WKH GHYHORSPHQW RI PLFURELDO
FRPPXQLWLHVLQ7,0IHUPHQWLQJDQRUPDOGLHW6,(0DQGWZRYDULDWLRQVLQFOXGLQJWKH




,Q WKLV VWXG\ ZH REVHUYHG WKDW WKH UDWLR RI WKH GLHWDU\ FRPSRQHQWV ZHUH LPSRUWDQW
GHWHUPLQDQWV IRU WKHPHWDEROLF RXWSXW DQG DFWLYLW\RI WKHPLFURELRWD )LJXUH   DQG 
7KH03/&GLHW OHDG WR DQ LQFUHDVHGSURGXFWLRQRI WKH WR[LFPHWDEROLWHV LVRYDOHUDWH DQG
LVREXW\UDWH ZKLFK DUH NQRZQ WR UHVXOW IURP WKH EDFWHULDO IHUPHQWDWLRQ RI YDOLQH DQG
OHXFLQH ,QFRQWUDVW WKHQRUPDODQG/30&GLHWV\LHOGHGDKLJKHUSURGXFWLRQRIKHDOWK
SURPRWLQJ 6&)$ 7KH WRWDO FXPXODWLYH 6&)$ SURGXFWLRQ GLG QRW FRPSOHWHO\ UHIOHFW WKH
TXDQWLW\ RI IHUPHQWDEOH &+2 LQ HDFK RI WKH GLHWV 7KH03/& GLHW \LHOGHG VLJQLILFDQWO\




GLHWV ZHUH QRW LVRFDORULF VR WKLV PLJKW DOVR EH D UHIOHFWLRQ RI OHVV WRWDO VXEVWUDWH LQ WKH
V\VWHP1HYHUWKHOHVVZHFRXOGFRUURERUDWHWKHREVHUYDWLRQWKDWPRGHUDWHDPRXQWVRI&+2
FRXOG FRXQWHUDFW VRPH RI WKH DGYHUVH PHWDEROLF FRQVHTXHQFHV RI KLJK SURWHLQ ORZ
FDUERK\GUDWH GLHWV DV WKH SURGXFWLRQ RI %&)$ UHPDLQHG VLJQLILFDQWO\ ORZHU RQ WKH




7nai o ioial onit ooition and atiit in an in ito t odel ed dieent diet  

,PSDFWRIWKHDGDSWDWLRQSHULRGRQPLFURELDOFRPPXQLWLHV
7KH REVHUYHG GHFUHDVH LQ WKH GLYHUVLW\ LQGH[ IRXQG EHWZHHQ WKH W DQG W VDPSOHV
LQGLFDWHV WKDW WKH PLFURELRWD ZDV DIIHFWHG GXULQJ WKH DGDSWDWLRQ SHULRG ZKLFK PD\ EH
KDYH EHHQ FDXVHG E\ SDUDPHWHUV VXFK DV DQDHURELRVLV S+ UHGR[ SRWHQWLDO DQG VXEVWUDWH
OLPLWDWLRQ ZKLFK PD\ OLPLW WKH RSWLPDO SURSDJDWLRQ RI WKH LQRFXOXP LQ DQ LQ YLWUR
V\VWHP  7KLV LQLWLDO GURS LQ PLFURELDO GLYHUVLW\ DQG WKH VXEVHTXHQW UHFRYHU\ RI WKH
FRPPXQLW\ KDV SUHYLRXVO\ EHHQ REVHUYHG 1HYHUWKHOHVV GHVSLWH WKH
FRPSRVLWLRQDO FKDQJHVGXULQJWKHDGDSWDWLRQSHULRGWKHFRPSRVLWLRQRIVDPSOHVIURPDOO
H[SHULPHQWVDW W VKRZHGKLJKO\ VLPLODU FRPPXQLWLHV )LJXUH& VXJJHVWLQJ WKDW WKH
FRPSRVLWLRQ RI WKH FRPPXQLW\ ZDV VLPLODUO\ DIIHFWHG LQ DOO H[SHULPHQWV GXULQJ WKH
DGDSWDWLRQ 7KH IDFXOWDWLYH DQDHUREHV 6WUHSWRFRFFXV DQG /DFWRFRFFXV ZHUH KLJKO\




WR WKH LQFUHDVHG UHODWLYH DEXQGDQFH RI WKH JHQXV %DFWHURLGHV DQG
/DFKQRVSLUDFHDHBB,QFHUWDHB6HGLV DIWHU K DQG D ODFN RI ELILGREDFWHULD GXULQJ WKH
IHUPHQWDWLRQ )LJXUH  $W K 3UHYRWHOOD ZHUH KLJKO\ DEXQGDQW EXW DW WKH ODWHU WLPH
SRLQWV LW GHFUHDVHG LQ DEXQGDQFH FRQFRPLWDQW ZLWK D VLPXOWDQHRXV LQFUHDVH LQ UHODWLYH
DEXQGDQFH RI %DFWHURLGHV ,Q OLWHUDWXUH WKH DEXQGDQFH RI WKHVH JHQHUD KDV EHHQ
DVVRFLDWHGZLWK ORQJ WHUPGLHWDU\KDELWV3UHYRWHOODKDVEHHQDVVRFLDWHGZLWKKLJKHU ILEUH
FRQVXPSWLRQDQGWKDWRI%DFWHURLGHVZLWKDKLJKHULQWDNHRISURWHLQDQGIDWSUREDEO\
PHGLDWHG WKURXJK WKH HIIHFWRIELOHDFLGV WKDWH[HUWD VWURQJVHOHFWLYH LQIOXHQFHXSRQJXW
PLFURELDOFRPSRVLWLRQ,WVKRXOGEHQRWHGWKDWWKHQRUPDOGLHWFRQWDLQVMXVWDVPXFKELOH
\HWWKHJHQXV%DFWHURLGHVLVDEVHQW+RZHYHU3UHYRWHOODPLJKWKDYHEHHQKLJKO\DEXQGDQW
GXH WR WKH KLJKHU DPRXQWRI&+2LQWKLVGLHW,WVHHPVWKDWWKHFRQWUDVWLQJDEXQGDQFHVRI
3UHYRWHOODDQG%DFWHURLGHVZKLFK DUH WKH PRVW GLVWLQFW GULYHUV IRU WZR RI WKHPLFURELRWD
W\SHV WHUPHG HQWHURW\SHVZDV UHSOLFDWHG LQ WKLV H[SHULPHQW DQG VHHP WR EH OLQNHG
WR VXEVWUDWH DYDLODELOLW\ DQGKHUHIRUHSUHVXPDEO\GLHWV
7KH GLVWLQFWLYH IHDWXUHV RI WKH /30& GLHW FRPSDUHG WR WKH 03/& GLHW ZHUH WKH ORZHU
GLYHUVLW\ )LJXUH % DQG DEXQGDQFH RI 'RUHD /DFKQRVSLUDFHDHBB,QFHUWDHB6HGLV DQG












0LFURELDO FRPPXQLWLHV GHYHORSLQJ LQ WKH PRGHOV IHG ZLWK HLWKHU RI WKH WZR QRUPDO
FDUERK\GUDWH GLHWV VKDUHG WKH JURZWK RI VHYHUDO JURXSV WKDW KDYH EHHQ DVVRFLDWHG ZLWK
FDUERK\GUDWHPHWDEROLVPLQWKHKXPDQ*,WUDFW6XEGROLJUDQXOXPKDVEHHQUHSRUWHGWREH
KLJKO\ DEXQGDQW LQ YHJHWDULDQV DQG HQULFKHG LQ SLJV RQ D ORZ SURWHLQ GLHW
GHPRQVWUDWLQJ WKHLU DGDSWDWLRQ WR D ORZ SURWHLQ HQYLURQPHQW %RWK JHQHUD%ODXWLD DQG
%LILGREDFWHULXP  KDYHEHHQ DVVRFLDWHGZLWK WKH IHUPHQWDWLRQRI UHVLVWDQW VWDUFK DQG





0RVW RI WKHPLFURELDO GHYHORSPHQWRQ WKH VSHFLILF GLHWV LV LQ FRQFRUGDQFHZLWKSUHYLRXV
UHVHDUFK+RZHYHU WKH KLJK SK\ORJHQHWLF GLYHUVLW\ REVHUYHG LQ WKH03/& LV LQ FRQWUDVW
ZLWKWKHREVHUYDWLRQE\/H&KDWHOLHUDQGFROOHDJXHVZKRGLVFHUQHGDELPRGDOGLVWULEXWLRQ
RI KLJK JHQH FRXQW +*& DQG ORZ JHQH FRXQW /*& LQGLYLGXDOV ZLWKLQ WKH JHQHUDO
SRSXODWLRQ7KH/*&JURXS WHQGHG WREHSK\ORJHQHWLFDOO\ OHVVGLYHUVHDQGGRPLQDWHGE\
%DFWHURLGHV DQG WKHVH LQGLYLGXDOVDOVRFRQVXPHG OHVV ILEUH1HYHUWKHOHVV'DYLGHWDO
IRXQGQRLPSDFWRQGLYHUVLW\RIDKLJKSURWHLQKLJKIDWORZFDUERK\GUDWHGLHW$OWKRXJK
LWVHHPVZHVWDUW WRHOXFLGDWH WKHHIIHFWRIGLHWRQ WKHDEXQGDQFHRIEDFWHULDOJURXSVDQG
WKHLULPSDFWRQWKHSURGXFWLRQRIEHQHILFLDODVZHOODVKDUPIXOPHWDEROLWHVQRWDOOGDWDLVLQ





VHT DW W  DQG W  DQG FRPSDUHG LW ZLWK FRPPXQLW\ FRPSRVLWLRQ :H REVHUYHG D
FRQVLVWHQWUREXVWDQGUHSURGXFLEOHUHVSRQVHLQDOOGLHWV)LJXUH7KHIDFWWKDWZHGLGQRW
ILQGDQ\GLIIHUHQWLDOO\H[SUHVVHGIXQFWLRQVDWWFRQILUPHGWKHREVHUYDWLRQWKDWWKHFKDQJHV




LQWKH WZR DOWHUHG GLHWV 03/& DQG /30& 8QIRUWXQDWHO\  RI DOO JHQHV DQG DOO
GLIIHUHQWLDOO\H[SUHVVHGIXQFWLRQVODFNHGD.(**DQQRWDWLRQZKLFKVXEVHTXHQWO\KDPSHUD
GHWDLOHGLQWHUSUHWDWLRQRIWKHREVHUYDWLRQV
7nai o ioial onit ooition and atiit in an in vitro t odel ed dieent diet  
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&RQFOXVLRQ
7KH HIIHFWV RI GLIIHUHQW GLHWV RQ PLFURELRWD FRPSRVLWLRQ DQG DFWLYLW\ ZHUH UHSHDWDEOH
UREXVWDQGUHSURGXFLEOHLQWKHGLIIHUHQWUHSOLFDWHVWKURXJKDOOH[SHULPHQWDWLRQZHHNV2XU
ILQGLQJV QRW RQO\ VKRZHG WKH JXW PLFURELRWD WR EH D KLJKO\ PHWDEROLFDOO\ DGDSWDEOH
RUJDQEXWDOVRKLJKOLJKWHGWKHSRWHQWLDORIWKH7,0V\VWHPDVDWRROIRULQYHVWLJDWLQJ
WKH UROH RI WKHPLFURELRWD RQKXPDQKHDOWK RU GLVHDVH WKURXJK LQYHVWLJDWLQJ UHSURGXFLEOH
FKDQJHV LQ FRPPXQLW\ VWUXFWXUH DQG DFWLYLW\ 7KLV DOORZV XV WR VWXG\ WKH WURSKLF
LQWHUDFWLRQVDQGWDVNGLYLVLRQZLWKLQDFRPPXQLW\DQGKRZWKH\DUH LPSDFWHGE\KRVWRU
GLHWUHODWHG IDFWRUV XQGHU FRQWUROOHG FRQGLWLRQV 7KLV PD\ DVVLVW LQ GHILQLQJ FDXVDO OLQNV
EHWZHHQVSHFLILFPLFURELDOJURXSVDQGWKHLUDFWLYLWLHVDQGKRVWRUGLHWGHULYHGSDUDPHWHUV
6XSSOHPHQWDOPDWHULDO
7DEOH 6 )HUPHQWDWLRQ PHWDEROLWHV SURGXFHG GXULQJ  K IHUPHQWDWLRQ H[SHULPHQWV .H\  S   VSHFLILF WLPH SRLQW LV
VLJQLILFDQWO\GLIIHUHQWFRPSDUHGWRWKHQRUPDOGLHWSVSHFLILF WLPHSRLQW LVVLJQLILFDQWO\GLIIHUHQWFRPSDUHGWRWKH/30&







5HFHQWHYLGHQFH LQGLFDWHV WKDW WKH*,PLFURELRWDDQG LWVSURGXFWVPD\FRQWULEXWH WR WKH
GHYHORSPHQW RI REHVLW\ DQG UHODWHG GLVHDVHV DQG WKDW GLIIHUHQFHV LQ *, WUDFW PLFURELDO
HFRORJ\EHWZHHQLQGLYLGXDOVPLJKWEHDQLPSRUWDQWIDFWRULQWKLVFRPSOH[HWLRORJ\7KLV
WKHVLVDLPVWRSURYLGHDQGDSSO\WRROVWRLQYHVWLJDWHWKHSRWHQWLDORIWKHJXWPLFURELRWDDV
D SRWHQWLDO ELRPDUNHU RU WKHUDSHXWLF WDUJHW DQG JHQHUDWH OHDGV IRU PHFKDQLVPV WKURXJK
ZKLFKWKHPLFURELRWDPHGLDWHVWKHVHHIIHFWV
&KDSWHUSURYLGHVDQRYHUYLHZRIWKHGLIIHUHQWPROHFXODUDSSURDFKHVWKDWDUHDYDLODEOH
WR VWXG\ WKH UROH RI WKH PLFURELRPH LQ KHDOWK DQG GLVHDVH KLJKOLJKWV WKHLU UHVSHFWLYH
VWUHQJWKVDQGFUHDWHVDZDUHQHVVIRUWKHVSHFLILFOLPLWDWLRQVRIWKHVHFRPSOHPHQWDU\RPLFV
WHFKQRORJLHV VXFK DV 6 ULERVRPDO 51$ U51$ JHQHWDUJHWHG FRPSRVLWLRQ SURILOLQJ
PHWDJHQRPLFV PHWDWUDQVFULSWRPLFV DQG PHWDSURWHRPLFV $OWKRXJK WKHLU VSHFLILF
DSSOLFDWLRQKDVFRQWULEXWHGVWURQJO\WRRXUXQGHUVWDQGLQJRIWKHUROHRIWKH*,PLFURELRWD
LQ KXPDQHQHUJ\ KRPHRVWDVLV LW LV FXUUHQWO\ VWLOO XQFOHDUZKLFKEDFWHULDO JURXSVSOD\ D
UROH LQ WKH GHYHORSPHQW RI REHVLW\ LQ KXPDQV ZKLFKPLJKW SDUWO\ EH H[SODLQHG E\ WKH
KHWHURJHQHLW\LQJHQRW\SHOLIHVW\OHDQGGLHWDQGWKHFRPSOH[HWLRORJ\RI2EHVLW\DQGLWV
$VVRFLDWHG 0HWDEROLF 'LVRUGHUV 2$0' 1HYHUWKHOHVV UHFHQW UHVHDUFK KDV VKRZQ D
FRQFHSWXDO VKLIW E\ IRFXVLQJ RQ PRUH KRPRJHQRXV VXESRSXODWLRQV E\ XVLQJ
DQWKURSRPHWULF ZHLJKW WRWDO ERG\ IDW DV ZHOO DV ELRFKHPLFDO YDULDEOHV LQVXOLQ
UHVLVWDQFH K\SHUOLSLGDHPLD IRU WKH VWUDWLILFDWLRQ RI VXEMHFWV &RPELQHG ZLWK
WHFKQRORJLFDODGYDQFHVLQWKHPROHFXODUWHFKQLTXHVUHFHQWGDWDVXJJHVWVWKDWDQ2$0'
DVVRFLDWHGPLFURELRWDFDQEHFKDUDFWHUL]HGE\DSRWHQWLDOSURLQIODPPDWRU\FRPSRVLWLRQ
FRQVLVWLQJ RI 3URWHREDFWHULD ZLWK ORZHU SRWHQWLDO IRU WKH SURGXFWLRQ RI 6&)$V DQG
EXW\UDWHLQSDUWLFXODU
&KDSWHUGHVFULEHVWKHODUJHVWSRSXODWLRQEDVHGVWXG\RQFKLOGKRRGJXWPLFURELRWDDQG
ERG\ ZHLJKW VR IDU WKH .2$/$ %LUWK &RKRUW SURILOLQJ WKH PLFURELRWD RI  IHFDO
VDPSOHVIURP\HDUROGFKLOGUHQOLYLQJLQWKHVRXWKRIWKH1HWKHUODQGV8VLQJVWDWHRI
WKHDUW VWDWLVWLFDOPHWKRGRORJ\ERWKQHZDQGSUHYLRXVO\GHVFULEHGEDFWHULDOJURXSVZHUH
LGHQWLILHG WR EH HLWKHU SRVLWLYHO\ RU QHJDWLYHO\ DVVRFLDWHG ZLWK ZHLJKW UHODWHG
DQWKURSRPHWULF RXWFRPHV DJH DQG VH[ VWDQGDUGL]HG ZHLJKW DQG %0, ]VFRUHV
RYHUZHLJKWGHILQHGDV%0,WKSHUFHQWLOH7KLVDJHUDQJHLVRIWHQRYHUORRNHGLQVXFK
W\SH RI VWXGLHV 7KHUHIRUH ZH EULHIO\ LQYHVWLJDWHG WKH VWUXFWXUH RI WKH PLFURELRWD ZLWK




3 PHODQLQRJHQLFD HW UHO FRFRUUHODWLQJZLWK3 UXPLQLFROD HW UHO DQG'LDOLVWHUZLWK
XQFXOWXUHG6HOHQRPRGDFHDH/DFNRIVXSSRUWIRUELPRGDOLW\RI8&,LQRXUVWXG\LVDOVRLQ










WKH IRXU ELPRGDO JURXSV H[SODLQHG  RI WKH YDULDWLRQ LQ VSHFLHV FRPSRVLWLRQ
FRPSDUHGWRIRUHDFKRIWKHDQWKURSRPHWULFRXWFRPHV7KHUHIRUHZHFDQQRWFRQILUP
WKHRIWHQ ODUJHVFDOHFRPPXQLW\ VKLIWVSUHYLRXVO\ UHSRUWHG WREHDVVRFLDWHGZLWKREHVLW\




UHJDUGLQJ FRUUHFWLRQ IRU PXOWLSOH WHVWLQJ ZH DSSOLHG WKH (ODVWLF QHW PDFKLQH OHDUQLQJ
DOJRULWKP7KH VHOHFWHG JHQXVOLNH JURXSV ELPRGDO WD[D OLQHDU DVZHOO DV WKH KLJK DQG
ORZ DEXQGDQFH VWDWHV DV D IDFWRU DQG RWKHU IHDWXUHV RI WKH PLFURELRWD SUHYLRXVO\
DVVRFLDWHG ZLWK RYHUZHLJKW VXFK DV WKH %DFWHURLGHWHV WR )LUPLFXWHV %) UDWLR DQG
ULFKQHVVDQGGLYHUVLW\ZHUHXVHGLQPXOWLSOHOLQHDUDQGORJLVWLFUHJUHVVLRQPRGHOVZLWK
DGMXVWPHQW IRU FRQIRXQGHUV WR LQYHVWLJDWH WKHLU DVVRFLDWLRQV ZLWK ZHLJKW UHODWHG
DQWKURSRPHWULFRXWFRPHVLQWKLVFRKRUW7KHDEXQGDQFHRIVHYHUDOVSHFLILFEDFWHULDOWD[D




ZDGVZRUWKLD HW UHO DQG %U\DQWHOOD IRUPDWH[LJHQV HW UHO ,Q WKLV UHJDUG PRUH GHWDLOHG
LQIRUPDWLRQ RQ WKHLU IXQFWLRQDO UROH LQ HQHUJ\ PHWDEROLVP ZLOO KHOS WR HVWDEOLVK WKHLU
LPSRUWDQFH IRU ZHLJKW GHYHORSPHQW2XU UHVXOWV SURYLGH QHZ DYHQXHV ZLWK UHJDUGV WR
EDFWHULDLQWKHJXWRIKXPDQVLQUHODWLRQWRWKHLQFUHDVLQJWUHQGRIRYHUZHLJKWZRUOGZLGH
7KH SDUDPHWHUV SUHYLRXVO\ VHOHFWHG EDVHG RQ WKHLU PHULWV IURP OLWHUDWXUH LH GLYHUVLW\
ULFKQHVVDQG%)UDWLRZHUHQRWVLJQLILFDQWO\DVVRFLDWHGZLWKDQ\RIWKHRXWFRPHV
&KDSWHU  LQYHVWLJDWHG WKH HIIHFWV RI JXW PLFURELRWD PDQLSXODWLRQ E\ DQWLELRWLFV G
DGPLQLVWUDWLRQ RI DPR[LFLOOLQ YDQFRP\FLQ RU D SODFHER RQ WLVVXHVSHFLILF LQVXOLQ
VHQVLWLYLW\ HQHUJ\ PHWDEROLVP JXW SHUPHDELOLW\ DQG LQIODPPDWLRQ LQ  REHVH SUH
GLDEHWLFPHQ$PR[LFLOOLQGLGQRWVLJQLILFDQWO\DIIHFWPLFURELDOGLYHUVLW\DQGFRPSRVLWLRQ
ZKLOVWYDQFRP\FLQGHFUHDVHGEDFWHULDOGLYHUVLW\DQGUHGXFHG)LUPLFXWHV$PRQJWKHPRVW
VWURQJO\ DIIHFWHG JURXSVZHUH JHQXVOLNH JURXSV WKDW FRQWDLQ NQRZQ EXW\UDWHSURGXFLQJ
VSHFLHV IURP &ORVWULGLXP FOXVWHUV ,9 DQG ;,9D VXFK DV &RSURFRFFXV HXWDFWXV
)DHFDOLEDFWHULXP SUDXVQLW]LL DQG $QDHURVWLSHV FDFFDH DV ZHOO JURXSV LQYROYHG LQ %$
GHK\GUR[\ODWLRQVXFKDV&ORVWULGLXPOHSWXP7KHVHFKDQJHVRFFXUUHGFRQFRPLWDQWO\ZLWK
DOWHUHG SODVPD DQG IHFDO FRQFHQWUDWLRQV RI WKHVH PHWDEROLWHV ,Q DGLSRVH WLVVXH JHQH
H[SUHVVLRQRIR[LGDWLYHSDWKZD\VZDVXSUHJXODWHGE\DQWLELRWLFVZKHUHDVLPPXQHUHODWHG
SDWKZD\V ZHUH GRZQUHJXODWHG E\ YDQFRP\FLQ +RZHYHU DQWLELRWLF WUHDWPHQW KDG QR
VLJQLILFDQW HIIHFWV RQ WLVVXHVSHFLILF LQVXOLQ VHQVLWLYLW\ HQHUJ\VXEVWUDWH PHWDEROLVP
ate ͺ 

SRVWSUDQGLDO KRUPRQHV DQG PHWDEROLWHV V\VWHPLF LQIODPPDWLRQ JXW SHUPHDELOLW\ DQG
DGLSRF\WH VL]H ,PSRUWDQWO\GHVSLWHDVWLOOFRQVLGHUDEO\DOWHUHGPLFURELDOFRPSRVLWLRQDW
HLJKW ZHHNV IROORZXS HQHUJ\ KDUYHVWLQJ DGLSRF\WH VL]H DQG ZKROHERG\ LQVXOLQ
VHQVLWLYLW\ +20$,5 UHPDLQHGXQDOWHUHG2YHUDOO WKHVHGDWD LQGLFDWH WKDW LQWHUIHUHQFH
ZLWKDGXOWPLFURELRWDE\DQWLELRWLFWUHDWPHQWIRUGD\VKDGQRFOLQLFDOO\UHOHYDQWLPSDFW
RQPHWDEROLFKHDOWKLQREHVHKXPDQV
7KHVH GDWD DUH LQ FRQWUDVW ZLWK VHYHUDO SUHYLRXV VWXGLHV LQ URGHQWV WKDW LQGLFDWHG WKDW
DQWLELRWLF WUHDWPHQWPD\ LPSURYHJOXFRVHKRPHRVWDVLV DQGPHWDEROLF LPSDLUPHQWV
 1HYHUWKHOHVV DPRUH UHFHQW VWXG\ VKRZHG WKDW YDQFRP\FLQWUHDWHGPLFH KDG
OLWWOHZHLJKWFKDQJHDQGQR LPSURYHPHQW LQJO\FHPLFFRQWURODQGFRQVLVWHQWZLWK WKH
SUHVHQWHGGDWDDGD\WUHDWPHQWZLWKDEURDGVSHFWUXPDQWLELRWLFFRFNWDLOGLGQRWDIIHFW
SRVWSUDQGLDOJOXFRVHPHWDEROLVPLQOHDQKHDOWK\PHQ)XUWKHUPRUHLWKDVUHFHQWO\EHHQ
VKRZQ LQ D OLPLWHG QXPEHU RI REHVH VXEMHFWV ZLWK WKH PHWDEROLF V\QGURPH WKDW
YDQFRP\FLQ VOLJKWO\ EXW VLJQLILFDQWO\ UHGXFHG SHULSKHUDO LQVXOLQ VHQVLWLYLW\ GHVSLWH
FRPSDUDEOHFKDQJHVLQPLFURELDOFRPSRVLWLRQDQGELOHDFLGPHWDEROLVPDVREVHUYHGLQWKH
SUHVHQW VWXG\ $OWKRXJK WKH GDWD RI WKH ODWWHU VWXG\ VHHPV DW RGGV ZLWK WKH SUHVHQW
ILQGLQJV LW LV LPSRUWDQWWRHPSKDVL]HWKDW WKHVWXG\E\9ULH]HDQGFROOHDJXHV ODFNHGD
SODFHER JURXS DQG WKHUHIRUH WKH PRGHVW a YDQFRP\FLQLQGXFHG GHFUHDVH LQ
SHULSKHUDO LQVXOLQ VHQVLWLYLW\ ZDV EDVHG RQ D ZLWKLQ JURXS FRPSDULVRQ SRVWWUHDWPHQW
YHUVXV SUHWUHDWPHQW $GGLWLRQDOO\ IROORZXSPHDVXUHPHQWV WKDW ZHUH SHUIRUPHG HLJKW
ZHHNVDIWHUWUHDWPHQWFHVVDWLRQLQWKHSUHVHQWVWXG\DOVRGLGQRWVKRZDQHIIHFWRQZKROH




&KDSWHU  H[DPLQHG WKH DVVRFLDWLRQ RI WKH PLFURELRWD DQG WLVVXH VSHFLILF LQVXOLQ
VHQVLWLYLW\LQWZRLQGHSHQGHQWFRKRUWVRIRYHUZHLJKWDQGREHVHSUHGLDEHWLFPDOHVXEMHFWV
IURP WKH 'XWFK UHJLRQV RI 0DDVWULFKW DQG $PVWHUGDP $OWKRXJK D JURZLQJ ERG\ RI
HYLGHQFHVXJJHVWV WKDWKXPDQJXWPLFURELRWDSOD\VD UROH LQ WKHGHYHORSPHQWRIREHVLW\
DQGUHODWHGPHWDEROLFGLVHDVHVWKHUHLVOLWWOHFRQVHQVXVRQELRPDUNHURUJDQLVPVEHWZHHQ
KXPDQ VWXGLHV ZKLFK FRXOG EH GXH WR ELRORJLFDO DV ZHOO DV WHFKQLFDO UHDVRQV RU D
FRPELQDWLRQ WKHUHRI  ,Q DGGLWLRQ QR KXPDQ GDWD DUH DYDLODEOH WKDW LQYHVWLJDWHG
ZKHWKHU WLVVXH VSHFLILF LQVXOLQ VHQVLWLYLW\ DV PHDVXUHG E\ WKH JROGHQ VWDQGDUG
K\SHULQVXOLQHPLFHXJO\FHPLF FODPS WHFKQLTXH LV UHODWHG WRD VSHFLILFPLFURELDOSDWWHUQ
,QDOOVXEMHFWVKHSDWLFSHULSKHUDODQGDGLSRVHWLVVXHLQVXOLQVHQVLWLYLW\ZHUHGHWHUPLQHG
E\DWZRVWHSK\SHULQVXOLQHPLFHXJO\FHPLFFODPSZLWK>+@JOXFRVHWUDFHULQIXVLRQ
5HPDUNDEO\ GHVSLWH WKH IDFW WKDW ERWK FRKRUWV ZHUH FRQVWUXFWHG RQ FRPSDUDEOH
UHFUXLWPHQW VWUDWHJLHV WKH DYHUDJH PLFURELRWD FRPSRVLWLRQ LQ ERWK FRKRUWV VKRZHG
SURQRXQFHGGLIIHUHQFHV





WKH FRQFOXVLRQV IURP FKDSWHUV  WR  )LUVWO\ ZH IRXQG QR FRQVLVWHQW DQG VLJQLILFDQW
DVVRFLDWLRQ EHWZHHQ OLYHU DGLSRVH WLVVXH RU VNHOHWDO PXVFOH LQVXOLQ VHQVLWLYLW\ DQG WKH
PLFURELRWDFRPSRVLWLRQRILQVXOLQUHVLVWDQW\HWQRQGLDEHWLFREHVHPDOHVLQHLWKHURIWKH
FRKRUWVH[FHSWIRUDYHU\VWURQJ6SHDUPDQFRUUHODWLRQRIEHWZHHQ3HSWRFRFFXVQLJHU
HW UHO 1HYHUWKHOHVV 5DQGRP )RUHVWV FODVVLILHUV XVLQJ PLFURELRWD FRPSRVLWLRQ DV
SUHGLFWRUV UHYHDOHG WD[D DVVRFLDWHG ZLWK IDVWLQJ JOXFRVH FRQFHQWUDWLRQV DQG+E$F EXW
RQO\ LQ RQH FRKRUW 7KH WRS PLFURELDO IHDWXUHV GLVWLQJXLVKLQJ FODVVHV ZHUH GLIIHUHQW
3URWHREDFWHULD DQG )DHFDOLEDFWHULXP SUDXVQLW]LL 5RVHEXULD LQWHVWLQDOLV &ORVWULGLXP
QH[LOHDQG(XEDFWHULXPUHFWDOHDQGUHODWHGVSHFLHVIRUIDVWLQJJOXFRVHOHYHOV)RU+E$F
WKHVHWD[DZHUH2VFLOORVSLUDJXLOOHUPRQGLL6SRUREDFWHUWHUPLWLGLV/DFWREDFLOOXVJDVVHUL
DQG 3HSWRFRFFXV QLJHU DQG UHODWHG VSHFLHV 7KH VWULNLQJ FRKRUWVSHFLILF REVHUYDWLRQV
VXJJHVW WKDW WKH UHODWLRQ EHWZHHQ PLFURELRWD FRPSRVLWLRQ DQG 7'0 DV ZHOO DV RWKHU
FKDUDFWHULVWLFV RI WKH PHWDEROLF V\QGURPH LV YHU\ GHSHQGHQW RQ WKH VHOHFWHG FRKRUW RI
SDWLHQWVDQG WKHLU UHVSHFWLYHEDVHOLQHPLFURELRWDFRPSRVLWLRQ6LPLODUREVHUYDWLRQVKDYH
EHHQPDGHE\RWKHUUHVHDUFKHUVDVZHOO
1HYHUWKHOHVV LW LVSRVVLEOH WKDWGLIIHUHQFHV LQPLFURELRWDFRPSRVLWLRQDUHQRWDVVRFLDWHG
ZLWK WKH LQVXOLQ UHVLVWDQFH SKHQRW\SH ZKHQ WKH RYHUZHLJKW DQGRU REHVH VWDWH RI WKH
SDWLHQW LV DOUHDG\HVWDEOLVKHGDV LV WKHFDVH IRURXUPHWDEROLF V\QGURPHSDWLHQWV ,Q WKH
ODWWHUFDVHZHFDQQRWH[FOXGHWKDWWKHFRPSRVLWLRQRIWKHIHFDOPLFURELRWDPD\SOD\DUROH
LQ WKHZRUVHQLQJRI LQVXOLQ VHQVLWLYLW\ LQDQHDUO\ VWDJH LQ WKHGHYHORSPHQW IURPD OHDQ
WRZDUGV DQ RYHUZHLJKWREHVH SKHQRW\SH )XUWKHUPRUH WKH REVHUYDWLRQ RI D VXEJURXS
VSHFLILFPLFURELRWDRQO\REVHUYHGLQRQHRIWKHFRKRUWVPLJKWLQGLFDWHDQDOWHUQDWLYHVWDWH
RIPLFURELRWDFRPSRVLWLRQGULYHQE\\HWXQNQRZQIRUFHV1HYHUWKHOHVVWKLVVWXG\FOHDUO\
GHPRQVWUDWHG WKDW FRKRUWVSHFLILF PLFURELRWD GLIIHUHQFHV KDPSHU ILQGLQJ D FRQVHQVXV
ELRORJLFDO LQWHUSUHWDWLRQ EHWZHHQ FURVVVHFWLRQDO VWXGLHV 7KLV FRPELQHG ZLWK WKH
FRPSOH[LW\ RI LQGLYLGXDO GLVHDVH SDWKRJHQHVLV DV ZHOO DV WKH LQGLYLGXDOVSHFLILF






WKHPHWKRGRORJLFDO ODQGVFDSH GHVFULELQJPLFURELDO GLYHUVLW\ZLWKLQ DQG DFURVV FRPSOH[
ELRPHV+RZHYHUVHYHUDOVWXGLHVKDYHVKRZQWKDWPHWKRGRORJ\UDWKHUWKDQWKHELRORJLFDO
YDULDWLRQLVUHVSRQVLEOHIRUREVHUYHGVDPSOHFRPSRVLWLRQDQGGLVWULEXWLRQ7KHLPSDFWV
RI VRPH RI WKHVH WHFKQLFDO DVSHFWV DUH VR VXEVWDQWLDO WKDW WKH\ FRPSURPLVH WUXH PHWD
DQDO\VHV &XUUHQWO\ WKHUH LV D ODFN RI FRQVHQVXV UHJDUGLQJ NH\ IHDWXUHV RI WKH KHDOWK\
PLFURELRPH VXFK DV ULFKQHVV GLYHUVLW\ DQG FRPSRVLWLRQ ZKLOH WKH OLQN ZLWK VSHFLILF
KXPDQSDWKRORJLHVRIWHQ UHYHDOV VWXG\VSHFLILF VHWVELRPDUNHURUJDQLVPV/DUJHPHWD







VHTXHQFLQJ YDULDWLRQ  3&5 ± HUURU DQG  UHJLRQSULPHU VSHFLILF DPSOLILFDWLRQ ELDV
'HVSLWHWKHVKRUWUHDGOHQJWKaQWDQGDOOWHFKQLFDOELDVHVWKHDYHUDJHVSHFLILFLW\RI
WKHWD[RQRPLFDVVLJQPHQWIRUWKHSK\ORW\SHVLQFOXGHGLQWKHPRFNFRPPXQLWLHVZDV
2Q DYHUDJH  RI WKH UHDGV FRXOG EH DVVLJQHG WR DW OHDVW IDPLO\ OHYHO ZKLOH
DVVLJQPHQW WR µVSXULRXV JHQHUD¶ UHSUHVHQWHG RQ DYHUDJH RQO\  RI WKH UHDGV SHU
VDPSOH7KHDQDO\VLVRIĮDQGȕGLYHUVLW\FRQILUPHGFRQFOXVLRQVJXLGHGE\ELRORJ\UDWKHU
WKDQ WKH VHYHUDO PHWKRGRORJLFDO DVSHFWV ,Q FRQFOXVLRQ 1*7D[ GHPRQVWUDWHG KLJK
UREXVWQHVVDJDLQVWFKRLFHRIUHJLRQDQGRWKHUWHFKQLFDOELDVHVDVVRFLDWHGZLWK6U51$
JHQH DPSOLFRQ VHTXHQFLQJ VWXGLHV GLPLQLVKLQJ WKHLU LPSDFW DQG SURYLGLQJ DFFXUDWH
TXDOLWDWLYH DQG TXDQWLWDWLYH UHSUHVHQWDWLRQ RI WKH WUXH VDPSOH FRPSRVLWLRQ ZKLFK ZLOO
LPSURYHFRPSDUDELOLW\EHWZHHQVWXGLHVDQGIDFLOLWDWHHIIRUWVWRZDUGVVWDQGDUGL]DWLRQ
&KDSWHULOOXVWUDWHVWKHDSSOLFDWLRQRIWKHSLSHOLQHDQGUHFRPPHQGDWLRQVIURPFKDSWHU
WR ELRORJLFDO VDPSOHV ZLWK WKH DLP WR FKDUDFWHUL]H G\QDPLFV RI PLFURELDO FRPPXQLW\
FRPSRVLWLRQDQGJOREDODFWLYLW\LQDQLQYLWURJXWPRGHO7,0IHGHLWKHUZLWKDQRUPDO
GLHWRUPRGLILHGYHUVLRQV IURPZKLFK WKHFDUERK\GUDWH 03/&RUSURWHLQ IUDFWLRQZDV
GLOXWHG /30& IRU K 7KH SURGXFWLRQ RI VKRUW FKDLQ IDWW\ DFLGV DQG EUDQFKHG FKDLQ
IDWW\ DFLGV UHIOHFWHG WKH TXDQWLW\ RI FDUERK\GUDWH DQG SURWHLQ LQ WKH V\VWHP 7KH
GHYHORSLQJFRPPXQLWLHVZHUHPRQLWRUHGWKURXJK6ULERVRPDO51$JHQHVHTXHQFLQJRI
WZRYDULDEOHUHJLRQVDQGRYHUDOOHDFKGLHWSURGXFHGGLVWLQFWPLFURELDOFRPPXQLWLHVDQG
WHPSRUDO SDWWHUQV 7KHPLFURELRWD LQ UHDFWRUV IHG GLHWV FRQWDLQLQJ QRUPDO FDUERK\GUDWH
OHYHOVZHUHHQULFKHGLQPHPEHUVRIWKHJHQHUD3UHYRWHOOD6XEGROLJUDQXOXP%ODXWLDDQG
%LILGREDFWHULXPDOODVVRFLDWHGZLWKFDUERK\GUDWHIHUPHQWDWLRQ,QWXUQWKHPLFURELRWDLQ
WKH UHDFWRUV IHG WKH03/&GLHW FRQWDLQLQJ WHQIROG OHVV FDUERK\GUDWHVZDV HQULFKHG LQ
WKHJHQXV%DFWHURLGHVZKLFKLVDVVRFLDWHGZLWKGLHWVULFKLQSURWHLQDQGDQLPDOIDW7KHVH
REVHUYDWLRQV RI GLVWLQFW FRPPXQLWLHV ZHUH FRUURERUDWHG DW D JOREDO IXQFWLRQDO OHYHO E\
DQDO\VLV RI WKH PHWDWUDQVFULSWRPH 7KLV VHWXS DOORZV UHVHDUFKHUV WR VWXG\ WKH WURSKLF
LQWHUDFWLRQV DQG WDVN GLYLVLRQ ZLWKLQ D FRPPXQLW\ DQG KRZ WKHVH DUH LPSDFWHG E\




PHWDEROLF V\QGURPH :KDW VWDQGV RXW LV WKH RYHUDOO ODFN RI FRQVLVWHQF\ UHJDUGLQJ WKH
LGHQWLILHG PLFURELDO ELRPDUNHUV DQG SXWDWLYH PHFKDQLVPV XQGHUO\LQJ WKH REVHUYDWLRQV
)XUWKHUPRUHWKHDQWLELRWLFVLQWHUYHQWLRQGHVFULEHGLQFKDSWHUUHSUHVHQWVDQH[DPSOHRI
WKHFRQWUDVWEHWZHHQPRXVHVWXGLHVDQGKXPDQLQWHUYHQWLRQV6WXGLHVKDYHLQGLFDWHGWKDW
DQWLELRWLF WUHDWPHQW PD\ LPSURYH JOXFRVH KRPHRVWDVLV DQG PHWDEROLF LPSDLUPHQWV LQ




LQWHUIHUHQFH ZLWK DGXOW PLFURELRWD E\ DQWLELRWLF WUHDWPHQW IRU  GD\V KDG QR FOLQLFDOO\
UHOHYDQWLPSDFWRQPHWDEROLFKHDOWKLQREHVHKXPDQV7KLVFRXOGEHGXHWRPRUHH[WUHPH









PHWKRGRORJLFDO YDULDWLRQ SULPHUV UHIHUHQFH GDWDEDVHV DQDO\VLV SLSHOLQHV FKDSWHU 
:DOWHUV DQG FROOHDJXHV KDYH VKRZQ WKDW XVLQJ WKH PLFURELRWD LQGLYLGXDOV FRXOG EH
FODVVLILHGDVOHDQRUREHVHZLWKVWDWLVWLFDOO\VLJQLILFDQWDFFXUDF\ZLWKLQDVWXG\FRQVLVWHQW
ZLWK WKH DELOLW\ WR H[SHULPHQWDOO\ WUDQVIHU WKLV SKHQRW\SH LQ PLFH E\ WUDQVIHU RI WKH
FRUUHVSRQGLQJ PLFURELRWD +RZHYHU PLFURELDO VLJQDWXUHV ZHUH QRW FRQVLVWHQW EHWZHHQ
VWXGLHV HYHQ ZKHQ WKH GDWD ZDV DQDO\VHG LQ WKH VDPH ZD\ 0RUHRYHU FKDSWHU 
FRPSDUHG WZR YHU\ KRPRJHQRXV FRKRUWV ZLWK UHJDUGV WR WKH SDWKRORJLFDO KRVW
SKHQRW\SH DJDLQ XVLQJ WKH VDPH PHWKRGRORJLFDO SODWIRUP '1$ LVRODWLRQ SULPHUV
PLFURDUUD\ DQG DQDO\VLV SLSHOLQH DQG VWLOO IRXQG YHU\ SURIRXQG GLIIHUHQFHV LQ WKH
FRPSRVLWLRQ RI WKH PLFURELRWD VHHPLQJO\ QRW UHODWHG WR WKH YHU\ ZHOOGHILQHG DQG
GLVWLQFWLYH SKHQRW\SH RYHUZHLJKW SUHGLDEHWLF PDOHV $V D UHVXOW GLVFUHSDQFLHV LQ
DVVRFLDWLRQV EHWZHHQ WKHVH KRVW FKDUDFWHULVWLFV DQG WKH PLFURELRWD ZHUH REVHUYHG
$OWKRXJK WKHGLIIHUHQWLDOPLFURELDOELRPDUNHUVRI7'0LQGLIIHUHQWFRKRUWV KDYHEHHQ
LGHQWLILHG SUHYLRXVO\ WKRVH FRPSDUHG JURXSV ZHUH DUJXDEO\ PXFK PRUH GLIIHUHQW
'DQLVK ZRPHQ LQ YDU\LQJ VWDWHV RI LQVXOLQ UHVLVWDQFH DQG &KLQHVH LQGLYLGXDOV ZLWK
7'0 7KHJURXSV LQ WKLV WKHVLVZHUHIDUPRUHVLPLODU SUHGLDEHWLF'XWFKPDOHV
\HWWKHREVHUYDWLRQVDUHDQDORJRXV
,Q FKDSWHU  QRQH RI WKH SUHYLRXVO\ PHQWLRQHG YDULDEOHV NQRZQ WR LQIOXHQFH WKH
PLFURELRWD VXFK DV DJH %0, GLHW DQG JHQGHU FRXOG H[SODLQ WKH GLIIHUHQFH LQ
FRPSRVLWLRQ RI WKH PLFURELRWD EHWZHHQ WKH WZR FRKRUWV $V RXWOLQHG LQ FKDSWHU  WKH
LQWHUSOD\RIYDULDEOHVWKDWJLYHULVHWRWKHYDULDWLRQRIWKHPLFURELRWDLVFRPSOH[DQGLVQRW
\HWIXOO\XQGHUVWRRG7KHGLIIHUHQFHEHWZHHQWKHWZRFRKRUWVVXJJHVWVDODWHQWRUXQNQRZQ
SDUDPHWHU IRU LQVWDQFH OLIHVW\OH SDUDPHWHUV OLQNHG WR JHRJUDSKLFDO ORFDWLRQ GULYLQJ WKH
FRPSRVLWLRQ DQGRYHUSRZHULQJ DOOPHDVXUHGYDULDEOHVZKLFK IDLOHG WR H[SODLQPXFKRI
WKH YDULDWLRQ LQPLFURELRWD FRPSRVLWLRQ$ VLPLODU REVHUYDWLRQZDVPDGH LQFKDSWHU
ZKHUH ZHLJKW UHODWHG SDUDPHWHUV H[SODLQHG YHU\ OLWWOH RI WKH WRWDO YDULDWLRQ DJDLQ
FRQWUDVWLQJDQLPDODQGVRPHKXPDQVWXGLHV
,IZHZRXOGFRPSDUHWKHPLFURELRWDRIERWKFRKRUWVLQFKDSWHULQGHSHQGHQWO\ZLWKRQH




DQVZHUHG VDWLVIDFWRU\\HW FKDSWHU DQG:DOWHUVDQGFROOHDJXHVDOVR VKRZHG WKDW WKH
FRPSRVLWLRQ RI WKH KHDOWK\ FRQWURO JURXS FDQ EH GLIIHUHQW EHWZHHQ VWXGLHV 7KHUHIRUH
FRPSDUDWLYHDQDO\VHVEHWZHHQGLIIHUHQWSDWLHQWVDQGKHDOWK\FRKRUWVFRXOGOHDGWRMXVWDV
PDQ\µG\VELRWLF¶VWDWHVRUVHWVRIPLFURELDOELRPDUNHUV
7KH SUHYLRXV SDUDJUDSK LQYRNHV WKUHH LPSRUWDQW TXHVWLRQV 'RHV D ³QRUPDO´ KHDOWK\
PLFURELRWD H[LVW ZKDW LV LWV FRPSRVLWLRQ DQG KRZ ODUJH LV WKH YDULDWLRQ"  ,V WKH
FRPSRVLWLRQ WUXO\ OLQNHG WR D JLYHQ VSHFLILF SKHQRW\SH WKDW LV VWXGLHG RU VRPH RWKHU
³KLGGHQ´YDULDEOHVDVVRFLDWHGZLWK WKDWFRKRUW"2UDOWHUQDWLYHO\ ,V WKHG\VELRWLFVWDWH
WUXO\JURXSVSHFLILFRUHYHQLQGLYLGXDOVSHFLILFDQGDUHZHPHDVXULQJWKHVHGLIIHUHQFHV
EDVHGRQDJURXSLQJEHFDXVHWKH\OLYHLQJHRJUDSKLFDOSUR[LPLW\"
7R DQVZHU WKHVH TXHVWLRQV ZH QHHG WR NQRZ ZKLFK IDFWRUV DFWXDOO\ VKDSH RXU
PLFURELRPHKRZGRHVLWGHYHORSFKDSWHUDQGZKDWDUHWKHUXOHVLIWKHUHDUHDQ\WKDW
JRYHUQ D QRUPDO IXQFWLRQLQJ RI WKLV HFRV\VWHP:H NQRZ WKDW WKHPLFURELRWD LV KLJKO\
LQGLYLGXDODQGGDWDVXJJHVWWKDWLWLVUHODWLYHO\VWDEOHH[FHSWIRUYDULDWLRQVLQDEXQGDQFH
LQDGXOWVLQWKHDEVHQFHRIJURVVSHUWXUEDWLRQ1HYHUWKHOHVVHYHQWKHDGXOWJXWFRPSRVLWLRQ




WKHUHDQ\ IXQGDPHQWDOXQLYHUVDOHFRV\VWHPµUXOHV¶ WKDWGULYH LW WRZDUGV WKLVHTXLOLEULXP
RU LV WKHPLFURELRWD RI DQ\ LQGLYLGXDO DQ LVODQGZLWK D XQLTXH HFRV\VWHP UHJDUGLQJ WKH
LQWHUSOD\RIWKHPLFURELRWDZLWKLWVHOIDVZHOODVZLWKWKHKRVW"0RUHFRQFLVHO\DUHWKHVH
UXOHV ODUJHO\ KRVWLQGHSHQGHQW WKDW LV XQLYHUVDO RU KRVWVSHFLILF RU OLHV WKH WUXWK LQ D
FRPELQDWLRQRIERWK"
7KHPHWKRGRORJLFDOREVWDFOHVRQZKLFKZHHODERUDWHGLQFKDSWHUDUHFRPPRQO\RQHRI
WKHPRVW VLJQLILFDQW GULYHUV RI YDULDWLRQ LQPLFURELRPH VWXGLHV DQGPLJKW H[SODLQ VRPH
EXWQRWDOOWKHLQFRQVLVWHQFLHVIRXQGLQOLWHUDWXUH,IZHGLVUHJDUGWKHVHDQGIRFXVSXUHO\






)LJXUH  $GGUHVVLQJ WKHVH DOWHUQDWLYH ZRUNLQJ K\SRWKHVHV LV YLWDO IRU WKH
FRPSUHKHQVLRQDQG LQWHUSUHWDWLRQRIGDWDSUHVHQWHG LQ WKLV WKHVLVDVZHOO DV OLWHUDWXUH LQ
JHQHUDO EXW DOVR IRU WKH GHYHORSPHQWPLFURELRPHEDVHG WKHUDSLHV ,I WKH G\QDPLFV DUH
LQGHHGXQLYHUVDOWKHLQWHUSHUVRQDOYDULDELOLW\VWHPVVROHO\IURPWKHGLIIHUHQWDVVHPEODJHV
RI FRORQL]LQJ VSHFLHV LQ GLIIHUHQW LQGLYLGXDOV*HQHUDO LQWHUYHQWLRQV FDQ EH GHVLJQHG WR
FRQWURO WKH PLFURELDO VWDWH LQ WHUPV RI VSHFLHV DVVHPEODJH DQG DEXQGDQFH SURILOH RI









VWXGLHV KDYH VKRZQ D UHPDUNDEOH GRQRU HIIHFW LQ LQYLWUR DVVD\V&KDSWHU  GHVFULEHV
WKDW WKH IRUPDWLRQ RI WKH PLFURELRWD LV KLJKO\ LQGLYLGXDO DQG GHSHQGHQW RQ
PDQ\ VWRFKDVWLF HIIHFWV 7KHUHIRUH LW LV YHU\ OLNHO\ WKDW GXULQJ WKHVH HDUO\ OLIH
H[SRVXUHV RXU LPPXQH V\VWHP LV WUDLQHG ZLWK D XQLTXH VHW RI EDFWHULD 7KLV FRXOG
UDLVH PDMRU VDIHW\ FRQFHUQV LQ IRU LQVWDQFH )07V EHFDXVH DOWKRXJK WKH KHDOWK\
PLFURELRWD LV VWDEOH LQ WKH GRQRU¶V JXW LW PD\ EH VKLIWHG WR DQ XQGHVLUHG VWDWH LQ WKH
UHFLSLHQW¶VJXW
)LJXUH$OWHUQDWLYHVFHQDULRVRIPLFURELDOG\QDPLFVDFURVVGLIIHUHQWKHDOWK\VXEMHFWV
5HFHQWO\ %DVKDQ DQG FROOHDJXHV DGGUHVVHG WKLV TXHVWLRQ RI XQLYHUVDOLW\ WKURXJK DQ
LQGLUHFWDSSURDFK ,GHDOO\ ORQJDQGGHQVHO\ VDPSOHG WLPHVHULHV IURPPDQ\ LQGLYLGXDOV
ZLWK GLIIHUHQW WUDLWV DQG EDFNJURXQGV VKRXOG EH VWXGLHG +RZHYHU EHFDXVH VXFK ODUJH
GDWDVHWV DUH FXUUHQWO\ ODFNLQJ WKH\ PHDVXUHG WZR LQGHSHQGHQW DVSHFWV RI FRPPXQLW\































































D KLJKHU FRPSRVLWLRQDO VLPLODULW\ ,I PLFURELRWD G\QDPLFV ZHUH WR EH WUXO\
XQLYHUVDO KRVWLQGHSHQGHQW WKHQ KDYLQJ WKH VDPH VSHFLHV SUHVHQW VKRXOG OHDG WR WKH
VDPH UHODWLYH SURSRUWLRQ RI WKRVH VSHFLHV EHFDXVH WKH\ ZRXOG G\QDPLFDOO\ LQIOXHQFH
HDFK RWKHU LQ WKH VDPH ZD\ 7KH DXWKRUV DSSOLHG WKLV DSSURDFK WR FURVVVHFWLRQDO
GDWD IURP WZR ODUJHVFDOH PHWDJHQRPLF VWXGLHV DQG VKRZHG WKDW JXW DQG PRXWK
PLFURELRPHV GLVSOD\ SURQRXQFHG XQLYHUVDO G\QDPLFV ZKHUHDV FRPPXQLWLHV
DVVRFLDWHG ZLWK FHUWDLQ VNLQ VLWHV DUH SUREDEO\ VKDSHG E\ GLIIHUHQFHV LQ WKH
HQYLURQPHQW RI WKH KRVW 1HYHUWKHOHVV WKLV DQDO\VLV ZDV EDVHG RQ D QXPEHU RI
DVVXPSWLRQV )LUVW WKDW WKH PLFURELRWD LV LQ D VWHDG\ VWDWH DQG WKDW KDYLQJ WKH VDPH
VWHDG\ VWDWH LPSOLHV WKDW WKHPLFURELRWD LV JRYHUQHG E\ WKH VDPH G\QDPLFV $OWKRXJK LW
VHHPV WKDW WKH PLFURELRWD LV QRW LQ D VWHDG\ VWDWH SHU VH EXWUDWKHUXQGHU WKHDFWLRQ RI
UHVWRULQJIRUFHVZLWKLQDG\QDPLFV\VWHPGULYLQJLWWRZDUGVDQHTXLOLEULXP RQH PLJKW
DVVXPH WKDW ZLWK HQRXJK VDPSOHV WKH UHODWLYHO\ VPDOO LQWUDLQGLYLGXDO HIIHFWV ZLOO EH
FDQFHOOHG RXW WKHUHIRUH PDNLQJ WKLV D UHDVRQDEOH DVVXPSWLRQ $Q DOWHUQDWLYH
H[SODQDWLRQ IRU WKHLU REVHUYDWLRQV UHJDUGLQJ WKH XQLYHUVDOLW\ RI JXW DQG PRXWK
PLFURELRPHV RI KHDOWK\ LQGLYLGXDOV FRXOG EH WKDW VRPH KRVW HQYLURQPHQWDOIDFWRUV
QRW RQO\ VHOHFW IRU WKH SUHVHQFH RI FHUWDLQ PLFUREHV EXW DOVR GULYH WKHLU UHODWLYH
DEXQGDQFHV E\ HQIRUFLQJ FHUWDLQ RSWLPDOO\ DGDSWHG FRPSRVLWLRQV $FFRUGLQJ WR
WKLV PRGHO WKH PLFURELRWD PD\ HQG XS LQ VLPLODU VWHDG\ VWDWHV QRW EHFDXVH RI WKHLU
LQWULQVLF G\QDPLFV DV VXJJHVWHG IRU LQVWDQFH IRU WKH HQWHURW\SHV EXW EHFDXVH RI
D VWURQJ HQYLURQPHQWDO SUHVVXUH WKDW PD\ VKDSH JXW PLFURELDO FRPPXQLWLHV $V WKH
DXWKRUVUXOHRXWREYLRXV FRQIRXQGHUV VXFK DV ORQJWHUP GLHWDU\ SDWWHUQ %0, DJH DQG
VWRRO FRQVLVWHQF\ WKH\ GR QRW DFFRXQW IRU DOO IDFWRUV WKDW PD\ SRVVLEO\ LQIOXHQFH WKH
JXW PLFURELRWD DQG KHQFH FDQQRW SURYLGH DQ HQWLUHO\ FRQFOXVLYH DQVZHU UHJDUGLQJ WKH
XQLYHUVDOLW\RIWKHJXW¶VPLFURELDOFRPPXQLW\G\QDPLFV
1HYHUWKHOHVV LI WKHVH DVVXPSWLRQV KROG WKDQ WKH DIRUHPHQWLRQHG REVHUYDWLRQV SRLQW
WR XQLYHUVDO JXW PLFURELDO G\QDPLFV LQ KHDOWK\ LQGLYLGXDOV ,QWHUHVWLQJO\ WKH JXW
PLFURELRWDRISDWLHQWVUHFXUUHQWO\LQIHFWHGZLWKWKHEDFWHULDOSDWKRJHQ&GLIILFLOHGLGQRW
GLVSOD\ WKH FKDUDFWHULVWLFV RI XQLYHUVDO G\QDPLFV ZKLOH WKH\ UHJDLQHG WKHVH
DIWHU IDHFDO WUDQVSODQWDWLRQ IURPKHDOWK\GRQRUV7KH ODFNRIXQLYHUVDOG\QDPLFV LQD
FOHDUO\G\VELRWLFVWDWH VXFK DV D & GLIILFLOH LQIHFWLRQ DQG WKH UHVWRUDWLRQ RI XQLYHUVDO
G\QDPLFV DIWHU WUDQVSODQW PLJKW SRLQW WR LQGLYLGXDO RU JURXS G\QDPLFV LQ
FLUFXPVWDQFHV ZKHUH WKH PLFURELRWD LV GLVWXUEHG 7KLV VHHPV WR EH LQ OLQH ZLWK WKH
FRQFOXVLRQV IURP FKDSWHU  WKDW VKRZ YHU\ OLWWOH RYHUODS LQ LGHQWLI\LQJ KXPDQ
RYHUZHLJKW UHODWHG PLFURELDOELRPDUNHUV
1RQXQLYHUVDOG\QDPLFVLQGLVHDVH






WR FRQVLGHU WKDW LQGHHG LQ FHUWDLQ GLVHDVHG VWDWHV WKH G\QDPLFV DUH QRW XQLYHUVDO EXW
LQGLYLGXDORUJURXSVSHFLILFDWOHDVWLQVRPHFDVHV1RQHWKHOHVVLIWKHUXOHVIRUDKHDOWK\
PLFURELRWD DUH XQLYHUVDO ZH QHHG WR GHILQH ZKDW LV QRUPDO DQG KHDOWK\ DQG WU\ WR
GHOLEHUDWHO\ GLUHFWPDQLSXODWH WKH PLFURELRWD LQ D FHUWDLQ GLUHFWLRQ ZLWK LQWHUYHQWLRQV
$OWKRXJK XQGHUVWDQGLQJ WKH IDFWRUV WKDW OHDG WR DOWHUDWLRQV LQ FRPSRVLWLRQ RI WKH
PLFURELRWDLQWKHVHFRQGLWLRQVLVVWLOOLQIRUPDWLYHFXUUHQWO\LWVHHPVWREHPRUHEHQHILFLDO
WR XQGHUVWDQG ZKDW LV QRUPDO LQ RUGHU WR GHILQH GHYLDWLRQV IURP WKDW QRUPDO QDPHO\
G\VELRVLV %HFDXVH LW VHHPV WKDW DW WKH PRPHQW RXU NQRZOHGJH RQ WKH LQWHUSOD\ DQG
UHODWLYH LPSRUWDQFH RI IDFWRUV VKDSLQJ WKH PLFURELRWD XQGHU GLIIHUHQW FLUFXPVWDQFHV LV
ODFNLQJ 7KH WZR FRKRUWV IURP0DDVWULFKW DQG $PVWHUGDP GHVFULEHG LQ FKDSWHU  DUH
VXUSULVLQJO\YHU\GLIIHUHQWUHJDUGLQJJXWPLFURELRWDFRPSRVLWLRQGHVSLWHWKHIDFWWKDWWKH
VXEMHFWV ZHUH UHFUXLWHG VLPLODUO\ &XUUHQWO\ ZH GR QRW NQRZ ZKDW WKH XQGHUO\LQJ
PHFKDQLVPVDUHWKDWFDXVHWKLVGLIIHUHQFH
*URXSG\QDPLFV
,I JURXS G\QDPLFV H[LVW ZLWKLQ KXPDQ VXEMHFWV ZH QHHG WR LGHQWLI\ WKH JURXSLQJ
SDUDPHWHUVEHFDXVHQRZFRKRUWVFDQEHGLIIHUHQW UHJDUGLQJPLFURELRWDFRPSRVLWLRQGXH
WR XQNQRZQ RU µKLGGHQ¶ KRVW YDULDEOHV 6RPH RI WKHVH YDULDEOHV PLJKW QRW HYHQ EH
ELRORJLFDO EXW FDXVHGE\ WHFKQRORJLFDO YDULDWLRQ 7UXHPHWDDQDO\VHVZLWK WKH DLGRI
DQDO\VLVSLSHOLQHVWKDWDUHUREXVWDJDLQVW WHFKQRORJLFDOELDVHVDVVRFLDWHGZLWKPLFURELRWD
SURILOLQJ XVLQJ 3&5 DPSOLILFDWLRQ RI WKH 6 U51$ JHQH FKDSWHU  ZLOO DLG LQ WKH
GLVFULPLQDWLRQEHWZHHQELRORJLFDODQGWHFKQLFDOIDFWRUV&DVHFRQWUROVWXGLHVZLOOGHSHQG
RQ XQLYHUVDO KHDOWK\ FRQWURO JURXSV LQ FDVH WKHVH H[LVW WR GHWHUPLQH WKH H[WHQW RI
FRPSRVLWLRQDODQGRUIXQFWLRQDOG\VELRVLV
,QGLYLGXDOG\QDPLFVKLJKO\LQGLYLGXDOGLVHDVHSKHQRW\SHV
,WKDVEHHQSURSRVHG WKDW WKHTXRWH³(YHU\XQKDSS\ IDPLO\ LVXQKDSS\ LQ LWVRZQZD\´
IURP7ROVWR\LVDPHWDSKRUIRUWKHLQGLYLGXDOQDWXUHRIKXPDQGLVHDVHVXJJHVWLQJWKDW
FRPSOH[ KXPDQ GLVHDVHV DUH ODUJH FROOHFWLRQV RI LQGLYLGXDOO\ UDUH JHQHWLF FRQGLWLRQV
HSLVWDVLV LQWHUDFWLRQ EHWZHHQ JHQHV DQG SHQHWUDQFH WKH SURSRUWLRQ RI SHRSOH ZLWK D
SDUWLFXODU JHQHWLF FKDQJH ZKR H[KLELW VLJQV DQG V\PSWRPV RI D JHQHWLF GLVRUGHU 7KH
ODWWHU LV SUREDEO\ WKH UHVXOW RI D FRPELQDWLRQ RI JHQHWLF HQYLURQPHQWDO DQG OLIHVW\OH





RI KXPDQ GLVHDVH WKH PDQLIHVWDWLRQ RI LQGLYLGXDO G\QDPLFV RI WKH PLFURELRWD VHHPV
SODXVLEOHDQGHYHQKLJKO\OLNHO\
$SSURDFKLQJKHDOWKDVDUHVXOWRIKRVWPLFURELRPHHFRV\VWHPVHUYLFHV
$W WKH JOREDO VFDOH KXPDQV EHQHILW IURP D YDULHW\ RI SURFHVVHV VXSSOLHG E\ QDWXUDO




VHTXHVWUDWLRQ FOLPDWH UHJXODWLRQ ZDVWH GHFRPSRVLWLRQ DQG GHWR[LILFDWLRQ DV ZHOO DV
VXSSRUWLQJVHUYLFHV WKDWDUHQHFHVVDU\ IRU WKHSURGXFWLRQRIDOORWKHUHFRV\VWHPVHUYLFHV
QXWULHQW UHF\FOLQJ VRLO IRUPDWLRQ&ROOHFWLYHO\ WKHVHEHQHILWVDUHNQRZQDVHFRV\VWHP




PDQDJLQJ RXU PLFURELRPH DQG RXUVHOYHV WR SUHVHUYH WKHVH HFRV\VWHP VHUYLFHV ,Q
JHQHUDODWKHRUHWLFDOHFRORJ\IUDPHZRUNLVDSSOLHGIRUWKHRSWLPDOPDQDJHPHQWRIWKHVH
HFRV\VWHP VHUYLFHV  ,GHQWLI\ WKH HFRV\VWHP VHUYLFHV (6 DQG WKHLU SURYLGHUV (63V
HFRV\VWHP VHUYLFH SURYLGHUV DQG FKDUDFWHUL]H WKHLU IXQFWLRQDO UROHV  'HWHUPLQH KRZ
FRPPXQLW\FRQWH[WLQIOXHQFHVWKHIXQFWLRQRIWKHVHSURYLGHUVDVZHOODVWKHHFRV\VWHPDV
DZKROH$VVHVVPHQWRINH\HQYLURQPHQWDOIDFWRUVLQIOXHQFLQJWKHSURYLVLRQRIVHUYLFHV




(63V WKURXJK DVVRFLDWLRQV 1HYHUWKHOHVV LQ WKH ODVW GHFDGH DOO IRXU DUHDV KDYH VHHQ
HQRUPRXVSURJUHVVPDLQO\WKURXJKVWXGLHVWKDWDSSOLHGDPRUHHFRV\VWHPVDSSURDFKZLWK
DQ LQWHUYHQWLRQ DQG WKH RPLFV WRROER[ WR DQVZHU VSHFLILF TXHVWLRQV UHJDUGLQJ WKH
XQGHUO\LQJPHFKDQLVPVDW WKHOHYHORIFRPSRVLWLRQDFWLYLW\DQGPHWDEROLFRXWSXWRIWKH
PLFURELRWDDVZHOODV WKHHIIHFWVRQ WKHKRVW7DEOHVKRZVDVHOHFWLRQRI WKHVH VWXGLHV
DQG WKHLU FRQWULEXWLRQV WR WKH UHVSHFWLYHSULRULWLHV(6VXFKDVD UROH LQKRVWHQHUJ\DQG
OLSLG PHWDEROLVP   DQG (63V ELRPDUNHU RUJDQLVPV KDYH EHHQ LGHQWLILHG DQG
FDXVDOLW\ KDV EHHQ GHPRQVWUDWHG LQ URGHQW VWXGLHV IRU LQVWDQFH IRU %LILGREDFWHULXP
$NNHUPDQVLD PXFLQLSKLOD DQG &KULVWHQVHQHOOD PLQXWD 1RQHWKHOHVV DOO WKHVH KDYH
QRW EHHQ YDOLGDWHG LQ KXPDQV \HW $UHD  DQG  FRPPXQLW\ FRQWH[W DQG NH\
HQYLURQPHQWDO IDFWRUV LQIOXHQFLQJ (63V DQG WKH SURYLVLRQ RI HFRV\VWHP VHUYLFHV
KDYH PDLQO\ EHHQ VWXGLHG XVLQJ JHQH NQRFNRXW PRXVH PRGHOV DQG JQRWRELRWLFV 
$UHDWKHVSDWLDODQGWHPSRUDO VFDOHV DWZKLFK (6 DQG (63V RSHUDWH KDV EHHQ VWXGLHG
XVLQJ LQWHUYHQWLRQV DQG PHDVXULQJ WKH VXEVHTXHQW PHWDEROLF RXWSXW IRFXVHG RQ
VSHFLILF PHWDEROLWHV VXFK DV 6&)$ RU JHQRWR[LF FRPSRXQGV DQG SUHIHUHQWLDOO\ WKHLU
GLUHFW RU ORQJ WHUP HIIHFWV RQ WKH KRVW FKDSWHU  7KHVH W\SHV RI VWXGLHV VWUXFWXUHG









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$OWKRXJK ODUJH LPSURYHPHQWV KDYH EHHQ PDGH DQG WKH VWHSV IRU WKH PDQDJHPHQW RI




,Q PRVW IRUPV RI KRVW SDWKRORJ\ ZLWK ZKLFK WKH PLFURELRWD KDV EHHQ LPSOLFDWHG WKH
FRQFHSW RI ³G\VELRVLV´ RU µFRPPXQLW\ DV SDWKRJHQ¶ KDV EHHQ SURSRVHG 7KLV LV D FOHDU
GLVWLQFWLRQEHWZHHQWKHPRUHWUDGLWLRQDOPHGLFDOFRQFHSWVIRULQIHFWLRXVGLVHDVHLQZKLFKD
VLQJOH YLUXOHQW DQGRU GRPLQDQWPLFURELDO VSHFLHV DFWV DV WKH SDWKRJHQLF IDFWRU+XPDQ
LQWHUYHQWLRQEXWDOVR LQWHUDFWLRQVEHWZHHQFRPPXQLW\PHPEHUVPD\XQGHUOLH WKHFULWLFDO
IHDWXUHV DVVRFLDWHG ZLWK VRPH RI WKHVH SDWKRORJLHV 8QGHUVWDQGLQJ WKH IXQFWLRQ DQG
DFWLYLW\RIWKHVHSDUWQHUVLVFULWLFDOIRUWKHLGHQWLILFDWLRQRIXQGHUO\LQJPHFKDQLVPV7KLV
KRZHYHULVVWLOOIUXVWUDWHGE\WKHODUJHIUDFWLRQRIXQFXOWXUHGRUJDQLVPVDQGPDQ\JHQHV
WKDW ODFN DQQRWDWLRQ 7KLV PLJKW HTXDOO\ DSSO\ WR (63V WKHPVHOYHV DV GXH WR WKH
SRWHQWLDO RI FRPSOH[ LQWHUDFWLRQV EHWZHHQ SDUWQHUV HYHQ D FXOWXUHG (63 PLJKW RQO\




NQRZQKRPRORJXHVLQGDWDEDVHV )XQFWLRQDOPHWDJHQRPLFV LH VFUHHQLQJRI OLEUDULHV
RUGLUHFW FORQLQJRI VHTXHQFHV LQ KHWHURORJRXV H[SUHVVLRQ KRVWV FRPELQHGZLWK YDULRXV
IXQFWLRQDO VFUHHQLQJ DVVD\VDOWKRXJKODERULRXVPLJKWFXUUHQWO\EHWKHRQO\VROXWLRQ
+RZHYHUWKHWKURXJKSXWRI WKHVH DVVD\V ZLOO QHHG WR EH LQFUHDVHG WR PDNH WKLV D
YLDEOH VROXWLRQ 1HYHUWKHOHVV WKHUHLVRQO\VRPXFKZHFDQOHDUQIURPVWXG\LQJWKHVH
FRPSOH[FRPPXQLWLHVDVDZKROHDQG WKHUH LVD JURZLQJQHHG WRNQRZPRUHDERXW
(63V7KHUHIRUHZHDOVR VWLOOQHHG WR FXOWXUHLVRODWHV7KHVHWZRDSSURDFKHVWR
FKDUDFWHUL]HIXQFWLRQ LQGLYLGXDOVDQGZKROHFRPPXQLW\ DQDO\VLV DUH FRPSOHPHQWDU\







7KH FXUUHQWO\ PRVW SRSXODU WHFKQLTXH WR SURILOH PLFURELRWD FRPSRVLWLRQ LV EDVHG RQ
DPSOLILFDWLRQ RI WKH 6 U51$ JHQH $OWKRXJK WKLV W\SH RI GDWD LV UHODWLYHO\ VLPSOH LW
ODFNVUHVROXWLRQZKLFKPDNHVLQWHUSUHWDWLRQGLIILFXOW7KLV LVSDUWO\EHFDXVHSK\ORJHQHWLF
FODVVLILFDWLRQEH\RQGJHQXVOHYHOEDVHGRQWKHVKRUWUHDGOHQJWKRIWKHFXUUHQWVHTXHQFHUV
VKRXOG EH WUHDWHGZLWK JUHDW FDXWLRQ 7KH IROORZLQJ VHUYHV WR HPSKDVL]HWKHSRWHQWLDO
JHQHWLFYDULDWLRQWKDWLVVWLOOSUHVHQWDWWKLVSK\ORJHQHWLFOHYHO)RULQVWDQFHWKHJHQH
FRQWHQWRIVWUDLQVZLWKLQDVSHFLHVFDQGLIIHUXSWRDQGWKHVKDUHGJHQRPH VL]H RI
WKH YLUXOHQW ( FROL 2+ DQG WKH LQWHVWLQDO LVRODWH ( FROL . ZDV GHWHUPLQHGWR
EHRQO\.E)DVFLQDWLQJO\WKLVVSHFLHVHYHQFRQWDLQVDVWUDLQWKDWLVLQXVHDVD
SURELRWLF(FROLVWUDLQ1LVVOH
$QRWKHUFRPSOLFDWLQJ IDFWRU LV WKHKLJK IXQFWLRQDO UHGXQGDQF\ LQ WKH*,PLFURELRWD7KLV
UHGXQGDQF\HQKDQFHVUHVLOLHQFHWKXVHQVXULQJWKHFRQWLQXLW\RIIXQFWLRQVWKDWDUHLPSRUWDQW
WRWKHKRVW+RZHYHUWKLVDOVRPHDQVWKDWGLIIHUHQWFRPSRVLWLRQVDUHDEOHWRSHUIRUPWKH
VDPH HVVHQWLDO IXQFWLRQV VXFK DV WKH SURGXFWLRQ RI EXW\UDWH 7KHUHIRUH LQ FDVH FRQWURO
VWXGLHV WKDW RQO\ DSSO\ FRPSRVLWLRQ SURILOLQJ WKH DFWXDO IXQFWLRQDO RXWSXW RI D V\VWHP
SUHVXPHG WR EH LQ µG\VELRVLV¶PLJKW QRW EH DEQRUPDO DQG YLFH YHUVD ODFN RI VLJQLILFDQW
GLIIHUHQFHV LQ DEXQGDQFH GRHVQ¶W QHFHVVDULO\ LQGLFDWH D KHDOWK\ VWDWH 7KH ODWWHU ZDV
DFFHQWXDWHG LQ D VWXG\ IURP 2¶.HHIH DQG FROOHDJXHV $IWHU D GLHWDU\ LQWHUYHQWLRQ
PLFURELRWDGLGQRWVKRZODUJHFRPSRVLWLRQDOGLIIHUHQFHV\HWWKHPHWDEROLFRXWSXWFKDQJHG
VLJQLILFDQWO\ LQFOXGLQJ WKH DEXQGDQFH RI LPSRUWDQW EDFWHULDO PHWDEROLF ULVN IDFWRUV IRU
FRORQFDQFHU
)XWXUHSHUVSHFWLYHV




VHYHUDO FRPSOHPHQWDU\ RPLFV WHFKQRORJLHV VXSSOHPHQWHG ZLWK SK\VLRORJLFDO KRVW GDWD
SUHIHUDEO\VDPSOHGLQGHQVHWLPHVHULHVZLWKSURSHUELRORJLFDOFRQWUROVVXFKDVURXWLQH
WHPSRUDO VDPSOLQJ DW EDVHOLQH WR GHWHUPLQH QRUPDO IOXFWXDWLRQV DQG XVLQJ FURVVRYHU
GHVLJQV$QRWKHULPSURYHPHQWRYHUFXUUHQWVWXGLHVZRXOGEHSRZHUFDOFXODWLRQVEDVHGRQ
PLFURELRPHGDWDLQVWHDGRIKRVWYDULDEOHV
$ FRPPRQ WKHPH LQ WKLV FKDSWHU DQG FKDSWHU  LV WKH QHHG IRU ODUJH GHQVHO\ VDPSOHG
WHPSRUDO GDWDVHWV RI PDQ\ LQGLYLGXDOV ZLWK GLYHUVH EDFNJURXQGV DQG OLIH VW\OHV IURP
YDULRXVJHRJUDSKLFDO ORFDWLRQV WKXVZLWKGLIIHUHQWH[SRVXUHVDQGJHQRW\SHV7KHVHZRXOG
DVVLVWLQWKHHOXFLGDWLRQRIIXQGDPHQWDOPHFKDQLVPVUHJDUGLQJXQLYHUVDOHFRV\VWHPUXOHV
LQ KHDOWK DV ZHOO DV GLVHDVH DQG WKH VWDELOLW\ DQG UHVLOLHQFH RI WKH QRUPDO KHDOWK\
PLFURELRPH,WPLJKWDOVRUHYHDOFOXHVDERXWFDXVHFRQVHTXHQFHDQGWKHWHPSRUDOG\QDPLFV
RI G\VELRVLV LH ZKHWKHU WKLV SURFHVV LV DEUXSW DQG FRPSDUDEOH WR D VWDELOLW\ ODQGVFDSH
ate ͺ

ZKHUH UHSHDWHG SHUWXUEDWLRQV NQRFN D V\VWHP IURP RQH VWDWH LQWR DQRWKHU RU ZKHWKHU




PLJKW LGHQWLI\ FDXVDOLW\ ZKDW FKDQJHG ILUVW DQG ZKR LQIOXHQFHG ZKRP DW ZKDW SRLQW LQ
WLPH
$OWKRXJKRQO\D IHZ\HDUVDJR LWZRXOGKDYH VHHPHG LPSRVVLEOH WRJHQHUDWHDQGDQDO\VH
VXFKGDWDVHWV WKH\ DUHQRZZLWKLQRXU JUDVS DV D UHVXOW RI WKH UHYROXWLRQDU\ DGYDQFHV LQ
JHQRPLFVDQGDVVRFLDWHG WHFKQRORJLHVFRPSXWDWLRQDOELRORJ\DVZHOODV WKHUHGXFWLRQV LQ
VHTXHQFLQJ FRVWV 3UREDEO\ WKH PDLQ REVWDFOH ZRXOG WKH FRQVLGHUDEOH EXUGHQ WKLV ZRXOG
SODFH RQ SDUWLFLSDQWV+RZHYHU MXVW VHTXHQFLQJPRUH LV QRW WKH DQVZHU 7KLV LV WUXH IRU
FRPSRVLWLRQDO SURILOLQJ EXW IRU IXQFWLRQDO DQDO\VHV DV ZHOO&KDSWHU  KDV VKRZQ WKH
UHODWLYHO\ KLJK QRLVH OHYHOV DVVRFLDWHG ZLWK 6 U51$ JHQH DPSOLFRQV VHTXHQFLQJ
7KHUHIRUHDQDO\VLVSLSHOLQHVPXVWFRQWLQXDOO\LPSURYHWRGHDOZLWKWKHQHZTXDQWLWLHVDQG
W\SHV RI GDWD )XUWKHUPRUH RQO\ UHFHQWO\ FRPPRQ UHTXLUHPHQWV RI DQ\ VFLHQWLILF
HQGHDYRXU QDPHO\ SURSHU FRQWUROV DUH QRZ FRPPRQO\ LQWHJUDWHG WR GLVFHUQ EHWZHHQ
SRWHQWLDO WHFKQRORJLFDO DUWLIDFWV DQGELRORJ\7KHVH FRQWUROV LQFOXGHQHJDWLYH FRQWUROV IRU
VDPSOHV ZLWK ORZ DPRXQWV RI EDFWHULDO '1$ WKH LQFOXVLRQ RI 0RFN &RPPXQLWLHV RI
UHDVRQDEOH FRPSOH[LW\ FKDSWHU  SUHIHUDEO\ UHODWHG WR WKH HFRV\VWHP RI LQWHUHVW DQG
RWKHU DSSURDFKHV VXFK DV VSLNLQJ LQ 6 U51$ JHQH DPSOLFRQV WR PRUH DFFXUDWHO\
GHWHUPLQH DEXQGDQFH $OVR FXUUHQW FRPPXQLW\ DQDO\VLV ZRXOG JUHDWO\ EHQHILW IURP
FOHDQHU UHIHUHQFH GDWDEDVHV )XUWKHUPRUH IXQFWLRQDO DQDO\VHV EDVHG RQ WKH JHQRPH
WUDQVFULSWRPHDQGSURWHRPHRI WKHPLFURELRPHZRXOGEHQHILW IURPHIIRUWV WR IXQFWLRQDOO\
FKDUDFWHUL]H WKHPXOWLWXGH RI JHQHV WKDW UHPDLQZLWKRXW FKDUDFWHUL]HG KRPRORJXHV LQ WKH
GDWDEDVHV
$QLPDOVDQGHVSHFLDOO\JQRWRELRWLFPLFHDUHFRQVLGHUHGWKHLGHDOPRGHOV\VWHPWRJHQHUDWH
K\SRWKHVHV DQG JDLQ LQVLJKW LQWR SXWDWLYH PHFKDQLVPV EHFDXVH WKH\ DUH SK\VLRORJLFDOO\
FRPSDUDEOH WR KXPDQV 5HVHDUFKHUV FDQ JHQHUDWH UHODWLYHO\ FOHDQ ELRORJLFDO VLJQDOV DQG
YHU\ KRPRJHQHRXV UHVSRQVHV GXH WR IHZHU HWKLFDO FRQVWUDLQWV RQ WKH VHYHULW\ RI WKH
LQWHUYHQWLRQ 1RQHWKHOHVV WKHVH UHVXOWV KDYH EHHQ VKRZQ WR EH GLIILFXOW WR UHSOLFDWH LQ
KXPDQV:KHQ WKH WLPH LV WKHUH WR PRYH EH\RQG K\SRWKHVLV DQG WUDQVODWH WKH UHVXOWV RI
DQLPDO H[SHULPHQWV WR KXPDQV VWXGLHV QHHG UHODWLYHO\ KDUVK LQWHUYHQWLRQV IRU LQVWDQFH
GLHWDU\ DQWLELRWLF RU )07 WR LQGXFH D TXDQWLILDEOH FKDQJH EHFDXVH RI WKH GDPSHQLQJ
HIIHFW RI GLIIHUHQFHV LQ LQWHULQGLYLGXDO UHVSRQVHV GXH WR WKH KHWHURJHQHLW\ RI KXPDQ
SRSXODWLRQVUHJDUGLQJ WKHFRPSRVLWLRQRI WKHPLFURELRPHJHQRW\SHSKHQRW\SH OLIH VW\OH
DQG WKH HIIHFW RI RWKHU HQYLURQPHQWDO YDULDEOHV ZKLFK DUH NQRZQ WR LQIOXHQFH WKH
PLFURELRWD 7KHUHIRUH KXPDQ PLFURELRPH UHVHDUFK UHTXLUHV LQWHOOLJHQW DSSURDFKHV WR




H[WUHPH DPRXQWV RI PDFURQXWULHQWV EXW PLJKW EH EDVHG RQ SUHYLRXV ORQJ WHUP GLHWDU\
KDELWVVXFKDVDVZLWFKEHWZHHQDGLHWULFKLQILEHUWRDGLHWULFKLQIDWDQGSURWHLQDQGYLFH





7KHVWXG\RI WKHKXPDQPLFURELRPH LV VWLOO LQ LWV LQIDQF\1HYHUWKHOHVVZHKDYHDOUHDG\
VWDUWHG WR UHFRJQL]H WKH FULWLFDO DQG LQWHJUDO UROH RI WKH PLFURELRPH LQ RXU KHDOWK DQG
ZHOOEHLQJ7KLVSHUVSHFWLYHLHWKHµRXWVLGH¶LVDLGLQJWKHµLQVLGH¶LVUHODWLYHO\QHZDQGLQ
JUHDWFRQWUDVW WRWKHPRUHWUDGLWLRQDOFOLQLFDOYLHZRIWKHKXPDQERG\DQGPLFUREHV7KLV
ERG\DVEDWWOHJURXQG DSSURDFK LJQRUHV WKH FRPPXQLW\ FRQWH[W RI LQIHFWLRXV GLVHDVH DQG
GRHVQRWWDNHLQWRDFFRXQWRXULQFUHDVLQJNQRZOHGJHUHJDUGLQJWKHDVVHPEO\RIWKHKXPDQ
PLFURELRPH*LYHQ WKH HFRORJLFDO SDUDOOHOV EHWZHHQ DVVHPEO\ RI WKH KXPDQPLFURELRPH




VWDUWHG WR UHDOL]H WKDW KXPDQ LQWHUYHQWLRQ KDV LUUHYRFDEO\ FKDQJHG DQG GLVUXSWHG GHOLFDWH
HFRV\VWHPV7KHUHIRUHZHFDQGUDZSDUDOOHOVEHWZHHQWKH*,PLFURELRPHDQGYDULRXVRWKHU
KDELWDWV LQFOXGLQJ SODQW DQG DQLPDO FRPPXQLWLHV LQ KLJKO\ GLVWXUEHG HQYLURQPHQWV
LPSDFWHG E\ RYHUILVKLQJ DEUXSW FOLPDWH FKDQJH KDELWDW ORVV RFHDQ DFLGLILFDWLRQ
SROOXWLRQDQGLQYDVLYHVSHFLHVDQGOHDUQIURPWKHDSSURDFKHVWKDWKDYHEHHQVXFFHVVIXOO\
DSSOLHG WR PDQDJH ELRGLYHUVLW\ LQ G\VELRVLV RQ D PXFK JUDQGHU VFDOH 7KH HIIHFWLYH
PDQDJHPHQW RI SODQW RU DQLPDO FRPPXQLWLHV UHTXLUHV DPXOWLIDFHWHG DSSURDFK RI KDELWDW
UHVWRUDWLRQSURPRWLRQRIQDWLYHVSHFLHVDQGWDUJHWHGUHPRYDORILQYDGHUV&XUUHQWO\ LW LV
LQFUHDVLQJO\UHFRJQL]HG WKDW WKH WUDGLWLRQDO µRQHVL]HILWVDOO¶DSSURDFK WRPHGLFLQH WKDW LV
EDVHGRQEURDGSRSXODWLRQDYHUDJHVLVRIWHQQRWHIIHFWLYHGXHWKHKHWHURJHQHLW\LQJHQRW\SH
DQG SKHQRW\SH RI KXPDQ SRSXODWLRQV DQG WKH IDFW WKDW LW LV QRW IXOO\ XQGHUVWRRG KRZ
GLIIHUHQWSHRSO  GHYHORS GLVHDVH DQG UHVSRQG WR WUHDWPHQWV 7R WKLV FRPSOH[ ZHE RI LQWHUDFWLRQV
HSLVWDVLV DQG SHQHWUDQFH ZH FDQ DGG WKH PLFURELRPH QRW RQO\ EHFDXVH RI LWV LQWLPDWH














HSLGHPLF RI REHVLW\ KDV PRYHG PLFURELRPH UHVHDUFK LQWR WKH VSRWOLJKW RI DWWHQWLRQ
$OWKRXJK WKHPDLQ FDXVH RI REHVLW\ DQG LWV DVVRFLDWHGPHWDEROLF FRPSOLFDWLRQV LV H[FHVV
FDORULF LQWDNH FRPSDUHG ZLWK H[SHQGLWXUH GLIIHUHQFHV LQ *, WUDFW PLFURELDO HFRORJ\
EHWZHHQ LQGLYLGXDOVPLJKW EH DQ LPSRUWDQW ELRPDUNHUPHGLDWRU RU HYHQ QHZ WKHUDSHXWLF
WDUJHW1HYHUWKHOHVV LW LV FXUUHQWO\ VWLOO XQFOHDUZKLFK EDFWHULDO JURXSV SOD\ D UROH LQ WKH
GHYHORSPHQWRIWKHPHWDEROLFV\QGURPHLQKXPDQV7KLVPLJKWSDUWO\EHH[SODLQHGE\
%LRORJLFDO IDFWRUV VXFK DV WKH KHWHURJHQHLW\ LQ JHQRW\SH OLIHVW\OH GLHW DQG WKH RIWHQ
FRPSOH[DHWLRORJ\RIKXPDQGLVHDVHRIZKLFK WKHPHWDEROLF V\QGURPH LVQRH[FHSWLRQ
7HFKQRORJLFDOIDFWRUVVXFKDVWKHXVHRIPLVFHOODQHRXVLQFRPSDWLEOHPHWKRGVWRDVVHVVWKH
JXW PLFURELRWD RIWHQ HQXPHUDWLQJ VSHFLILF JURXSV UDWKHU WKDQ XVLQJ EURDG 6 U51$
JHQH VXUYH\V RU PHWDJHQRPLFV  6WXGLHV YDU\ JUHDWO\ LQ WKH SRSXODWLRQV FRQVLGHUHG
WKHLU GHVLJQV DQG WKH GHJUHH RI FRQWURO IRU SRWHQWLDO FRQIRXQGLQJ IDFWRUV VXFK DV OLIHVW\OH
DQG GLHW 1HYHUWKHOHVV UHFHQW UHVHDUFK RQ WKLV PDWWHU KDV VKRZQ D FRQFHSWXDO VKLIW E\
IRFXVLQJRQ PRUH KRPRJHQRXV VXESRSXODWLRQV EDVHG RQ VWULFWHU FRQWURO RYHU YDULDEOHV
VXFK DJH UDQJH RU WKURXJK WKH XVH RI ERWK DQWKURSRPHWULF ZHLJKW WRWDO ERG\ IDW
DV ZHOO DV ELRFKHPLFDOYDULDEOHVLQVXOLQUHVLVWDQFHK\SHUOLSLGDHPLDWRGHILQHJURXSV
3HUWXUEDWLRQVLQPLFURELDOGLYHUVLW\DQGFRPPXQLW\VWUXFWXUHLQDGXOWVZLWKRYHUZHLJKWDQG
REHVLW\ PD\ EH SDUWO\ GXH WR ORQJWHUP GLHWDU\ KDELWV RU SK\VLRORJLFDO FKDQJHV LQ WKHVH
VXEMHFWV $V VXFK H[SORULQJ WKH DVVRFLDWLRQ EHWZHHQ WKH JXWPLFURELRWD DQG YDULDWLRQ LQ
%0,DQGZHLJKW LQHDUO\ OLIHSULRU WRRUFORVH WR WKHRQVHWRIRYHUZHLJKWPLJKWSURYLGH
DGGLWLRQDOLQVLJKWVLQWRWKHVHSURFHVVHV7KHUHIRUHZHVWXGLHGWKHIHFDOPLFURELRWDRI
VL[VHYHQ \HDU ROG FKLOGUHQ IURP WKH .2$/$ %LUWK &RKRUW OLYLQJ LQ WKH VRXWK RI WKH
1HWKHUODQGV7KLVDJHUDQJHLVUHODWLYHO\XQFKDUWHGPLFURELRWDWHUULWRU\:HIRXQGWKDW LWV
FRPSRVLWLRQVHHPVWRFRQIRUPWRWRWVDPHHFRV\VWHPUXOHVDVWKDWRIDGXOWV7KHELPRGDO
GLVWULEXWLRQ SDWWHUQ RI VHYHUDO EDFWHULDO JURXSV DVZHOO DV WKHLU FRFRUUHODWLQJ JURXSV WKDW
ZHUH UHSRUWHG SUHYLRXVO\ LQFOXGLQJ 8QFXOWXUHG &ORVWULGLDOHV ,, 3UHYRWHOOD VSS DQG
'LDOLVWHUZHUH FRQILUPHG )XUWKHUPRUH RQH RI WKH SUHYLRXVO\ GHVFULEHG ELPRGDO JURXSV
8QFXOWXUHG &ORVWULGLDOHV , ZDV VKRZQ EHIRUH WR H[KLELW YHU\ FOHDU VKLIWLQJ VWDWH
SUREDELOLWLHVDVVRFLDWHGZLWKDJHLQJZKHUHWKHKLJKDEXQGDQFHVWDWHZDVPDLQO\REVHUYHG
DERYH\HDUV RI DJH7KLVZDV FRUURERUDWHG DV QR VXSSRUW IRU ELPRGDOLW\RI WKLV JURXS
ZDV REVHUYHG LQ WKH FKLOGUHQ LQFOXGHG LQ WKH VWXG\ GHVFULEHG KHUH $ ODUJH SDUW RI WKH




FKLOGUHQZLWKLQ D UHODWLYHO\ QRUPDOZHLJKW UDQJHZHLJKW DQG DVVRFLDWHG SDUDPHWHUVZHUH
QRW PDMRU GULYHUV RI RYHUDOO JHQXVOHYHO PLFURELDO FRPSRVLWLRQ RU YLFH YHUVD +HUHDIWHU
PXOWLSOH OLQHDU DQG ORJLVWLF UHJUHVVLRQ PRGHOV ZLWK ULJRURXV DGMXVWPHQW IRU FRQIRXQGHUV
ZHUHDSSOLHG WR LQYHVWLJDWH LQGLYLGXDOPLFURELRWD IHDWXUHV DVVRFLDWLRQZLWKZHLJKW UHODWHG
DQWKURSRPHWULF RXWFRPHV 3UHYLRXVO\ UHSRUWHG SDUDPHWHUV VXFK DV GLYHUVLW\ ULFKQHVV DQG
%DFWHURLGHWHV WR )LUPLFXWHV UDWLR ZHUH QRW VLJQLILFDQWO\ DVVRFLDWHG ZLWK DQ\ RI WKH
RXWFRPHV 1HYHUWKHOHVV WKH DEXQGDQFH RI VHYHUDO VSHFLILF EDFWHULDO WD[D $NNHUPDQVLD
6XWWHUHOOD ZDGVZRUWKLD HW UHO DQG%U\DQWHOOD IRUPDWH[LJHQV HW UHO DQG WKH GLFKRWRPRXV
DEXQGDQFH VWDWH RI WKH ELPRGDOO\ GLVWULEXWHG 8&,, ZDV FRQVLVWHQWO\ DVVRFLDWHG ZLWK
ZHLJKWUHODWHGRXWFRPHV
2WKHU ELRFKHPLFDO IHDWXUHVRI WKHPHWDEROLF V\QGURPH KDYHEHHQDVVRFLDWHGZLWK WKHJXW
PLFURELRPH0DLQO\ URGHQW VWXGLHV KDYH LQGLFDWHG WKDW DQWLELRWLF WUHDWPHQWPD\ LPSURYH
JOXFRVH KRPHRVWDVLV DQGPHWDEROLF LPSDLUPHQWV7KHUHIRUH WKH HIIHFWV RI JXWPLFURELRWD
PDQLSXODWLRQE\DQWLELRWLFVGDGPLQLVWUDWLRQRIDPR[LFLOOLQYDQFRP\FLQRUDSODFHERRQ
WLVVXHVSHFLILFLQVXOLQVHQVLWLYLW\HQHUJ\PHWDEROLVPJXWSHUPHDELOLW\DQGLQIODPPDWLRQLQ
 REHVH SUHGLDEHWLF PHQ IURP WKH VDPH JHRJUDSKLFDO UHJLRQ ZHUH LQYHVWLJDWHG
9DQFRP\FLQGHFUHDVHGEDFWHULDOGLYHUVLW\DQGVLJQLILFDQWO\ UHGXFHGZHOONQRZQEXW\UDWH
SURGXFLQJ)LUPLFXWHVIURP&ORVWULGLXPFOXVWHUV,9DQG;,9DDQGEDFWHULDOJURXSVLQYROYHG
LQ ELOH DFLGPHWDEROLVP 7KHVH FKDQJHV RFFXUUHG FRQFRPLWDQWO\ ZLWK DOWHUHG SODVPD DQG
IHFDO FRQFHQWUDWLRQV RI WKHVHPHWDEROLWHV ,Q DGLSRVH WLVVXH JHQH H[SUHVVLRQ RI R[LGDWLYH
SDWKZD\V ZDV XSUHJXODWHG E\ DQWLELRWLFV ZKHUHDV LPPXQHUHODWHG SDWKZD\V ZHUH
GRZQUHJXODWHGE\YDQFRP\FLQ+RZHYHUDQWLELRWLFWUHDWPHQWKDGQRVLJQLILFDQWHIIHFWVRQ
WLVVXHVSHFLILFLQVXOLQVHQVLWLYLW\HQHUJ\VXEVWUDWHPHWDEROLVPSRVWSUDQGLDOKRUPRQHVDQG
PHWDEROLWHV V\VWHPLF LQIODPPDWLRQ JXW SHUPHDELOLW\ DQG DGLSRF\WH VL]H ,PSRUWDQWO\
GHVSLWHDVWLOOFRQVLGHUDEO\DOWHUHGPLFURELDOFRPSRVLWLRQDWHLJKWZHHNVIROORZXSHQHUJ\
KDUYHVWLQJ DGLSRF\WH VL]H DQG ZKROHERG\ LQVXOLQ VHQVLWLYLW\ +20$,5 UHPDLQHG
XQDOWHUHG2YHUDOO WKHVHGDWD LQGLFDWH WKDW LQWHUIHUHQFHZLWKDGXOWPLFURELRWDE\DQWLELRWLF
WUHDWPHQWIRUGD\VKDGQRFOLQLFDOO\UHOHYDQWLPSDFWRQPHWDEROLFKHDOWKLQREHVHKXPDQV
7KHVHGDWDDUHLQFRQWUDVWZLWKVHYHUDOURGHQWVWXGLHVDVZHOODVDKXPDQLQWHUYHQWLRQ7KH












QR FRQVLVWHQW DQG VLJQLILFDQW DVVRFLDWLRQ EHWZHHQ OLYHU DGLSRVH WLVVXH RU VNHOHWDOPXVFOH
LQVXOLQ VHQVLWLYLW\ DQG WKH PLFURELRWD LQ ERWK FRKRUWV 1HYHUWKHOHVV 5DQGRP )RUHVWV
FODVVLILHUVXVLQJPLFURELRWDFRPSRVLWLRQDVSUHGLFWRUVUHYHDOHGWD[DDVVRFLDWHGZLWKIDVWLQJ
JOXFRVH FRQFHQWUDWLRQV DQG +E$F EXW RQO\ LQ RQH FRKRUW 7KH WRS PLFURELDO IHDWXUHV
GLVWLQJXLVKLQJFODVVHVZHUHGLIIHUHQW3URWHREDFWHULDDQGJURXSVLQYROYHGLQEXW\URJHQHVLV
VXFKDV)DHFDOLEDFWHULXPSUDXVQLW]LL5RVHEXULDLQWHVWLQDOLVDQG(XEDFWHULXPUHFWDOHDQG
UHODWHG VSHFLHV IRU IDVWLQJ JOXFRVH OHYHOV )RU +E$F WKHVH WD[D ZHUH 2VFLOORVSLUD
JXLOOHUPRQGLL 6SRUREDFWHU WHUPLWLGLV /DFWREDFLOOXV JDVVHUL DQG 3HSWRFRFFXV QLJHU DQG
UHODWHGVSHFLHV7KHVWULNLQJFRKRUWVSHFLILFREVHUYDWLRQVVXJJHVWWKDWWKHUHODWLRQEHWZHHQ
PLFURELRWDFRPSRVLWLRQDQGW\SHGLDEHWHVPHOOLWXVDVZHOODVRWKHUFKDUDFWHULVWLFVRIWKH
PHWDEROLF V\QGURPH LV YHU\ GHSHQGHQW RQ WKH VHOHFWHG FRKRUW RI SDWLHQWV DQG WKHLU
UHVSHFWLYHEDVHOLQHPLFURELRWDFRPSRVLWLRQ6LPLODUREVHUYDWLRQVKDYHEHHQPDGHE\RWKHU




LQ WKH ZRUVHQLQJ RI LQVXOLQ VHQVLWLYLW\ LQ DQ HDUO\ VWDJH LQ WKH GHYHORSPHQW IURP D OHDQ
WRZDUGV DQ RYHUZHLJKWREHVH SKHQRW\SH )XUWKHUPRUH WKH REVHUYDWLRQ RI D VXEJURXS
VSHFLILFPLFURELRWDRQO\REVHUYHGLQRQHRIWKHFRKRUWVPLJKWLQGLFDWHDQDOWHUQDWLYHVWDWH
RIPLFURELRWDFRPSRVLWLRQGULYHQE\\HWXQNQRZQ IRUFHV1HYHUWKHOHVV WKLVVWXG\FOHDUO\
GHPRQVWUDWHG WKDW FRKRUWVSHFLILF PLFURELRWD GLIIHUHQFHV KDPSHU ILQGLQJ D FRQVHQVXV
ELRORJLFDO LQWHUSUHWDWLRQ EHWZHHQ FURVVVHFWLRQDO VWXGLHV 7KLV FRPELQHG ZLWK WKH
FRPSOH[LW\RILQGLYLGXDOGLVHDVHSDWKRJHQHVLVDVZHOODVWKHLQGLYLGXDOVSHFLILFGLIIHUHQFHV
LQ PLFURELRWD FRPSRVLWLRQ PD\ H[SODLQ WKH LQFRQVLVWHQF\ LQ REVHUYDWLRQV EHWZHHQ
GLIIHUHQW VWXGLHV FRQFHUQLQJ WKH LGHQWLILFDWLRQ RI VLJQDWXUH PLFUREHV IRU REHVLW\ LUULWDEOH
ERZHOV\QGURPHDQGRWKHUGLVHDVHV
%HVLGHV WKH ELRORJLFDO GULYHUV IRU FRKRUW VSHFLILF LQFRQVLVWHQFLHV LQ LGHQWLILHG PLFURELDO
ELRPDUNHUV WKHUH DUH DOVR WHFKQRORJLFDO IDFWRUV$OWKRXJKKLJKWKURXJKSXW VHTXHQFLQJRI
VKRUWK\SHUYDULDEOHVHJPHQWVRIWKH6ULERVRPDO51$U51$JHQHKDVWUDQVIRUPHGWKH
PHWKRGRORJLFDO ODQGVFDSH GHVFULELQJ PLFURELDO GLYHUVLW\ ZLWKLQ DQG DFURVV FRPSOH[
ELRPHV HYLGHQFH LV LQFUHDVLQJ WKDW PHWKRGRORJ\ UDWKHU WKDQ WKH ELRORJLFDO YDULDWLRQ LV
UHVSRQVLEOHIRUREVHUYHGVDPSOHFRPSRVLWLRQDQGGLVWULEXWLRQ/DUJHPHWDDQDO\VHVZRXOG
DLG LQ HOXFLGDWLQJ ZKHWKHU WKH EDVLV IRU WKHVH REVHUYHG LQFRQVLVWHQFLHV LV ELRORJLFDO
WHFKQLFDORUPD\EHDFRPELQDWLRQRIERWK7RIDFLOLWDWHWKHVHPHWDDQDO\VHVRIPLFURELRWD
VWXGLHVZHGHYHORSHG1*7D[DSLSHOLQHIRU6U51$JHQHDPSOLFRQVHTXHQFHDQDO\VLV
WKDW ZDV YDOLGDWHG ZLWK GLIIHUHQW0RFN &RPPXQLWLHV 0& 1*7D[ GHPRQVWUDWHG KLJK
UREXVWQHVVDJDLQVWFKRLFHRI UHJLRQDQGRWKHU WHFKQLFDOELDVHVDVVRFLDWHGZLWK6 U51$
JHQH DPSOLFRQ VHTXHQFLQJ VWXGLHV 7KH DQDO\VLV RI Į DQG ȕGLYHUVLW\ RI WKHVH 0&
8a 

FRQILUPHG FRQFOXVLRQV JXLGHG E\ ELRORJ\ UDWKHU WKDQ WKH PHWKRGRORJLFDO DVSHFWV 7KLV






JHQHUD 3UHYRWHOOD 6XEGROLJUDQXOXP %ODXWLD DQG %LILGREDFWHULXP DOO DVVRFLDWHG ZLWK
FDUERK\GUDWH IHUPHQWDWLRQ ,Q WXUQ WKH PLFURELRWD LQ WKH UHDFWRUV IHG WKH 03/& GLHW
FRQWDLQLQJ WHQIROG OHVV FDUERK\GUDWHV ZDV HQULFKHG LQ WKH JHQXV%DFWHURLGHV ZKLFK LV
DVVRFLDWHGZLWKGLHWVULFKLQSURWHLQDQGDQLPDOIDW7KLVVHWXSDOORZVUHVHDUFKHUVWRVWXG\
WKHWURSKLFLQWHUDFWLRQVDQGWDVNGLYLVLRQZLWKLQDFRPPXQLW\DQGKRZWKH\DUHLPSDFWHG
E\ GLHWUHODWHG IDFWRUV XQGHU FRQWUROOHG FRQGLWLRQV ZKLFK PD\ DVVLVW LQ GHILQLQJ FDXVDO
OLQNVEHWZHHQVSHFLILFGLHWGHULYHGSDUDPHWHUVPLFURELDOJURXSVDQGWKHLUDFWLYLWLHV
,Q FRQFOXVLRQ FXUUHQWO\ LW VHHPV WKDW *, PLFURELRWD EDVHG ELRPDUNHUV DVVRFLDWHG ZLWK
PHWDEROLF LPSDLUPHQWV DQG DQWKURSRPHWULF YDULDEOHV DVVRFLDWHG ZLWK WKH PHWDEROLF
V\QGURPHDUHFRKRUWVSHFLILFRUSRVVLEO\LQGLYLGXDOZKLFKFRXOGSDUWO\EHGXHWRWKHXVHRI
LQFRPSDWLEOH DQDO\WLFDO DSSURDFKHV 1HYHUWKHOHVV WKHUH LV JURZLQJ HYLGHQFH WKDW KXPDQ
KHDOWK LVDFROOHFWLYHSURSHUW\RI WKHKXPDQERG\DQG LWVDVVRFLDWHGPLFURELRPHDQG WKXV
UHTXLULQJ WR VWXG\ WKH LQWHUIDFH RI WZR YHU\ FRPSOH[ V\VWHPV LH RQ RQH VLGH WKH






















 0DFNRZLDN3$5HF\FOLQJPHWFKQLNRII SURELRWLFV WKH LQWHVWLQDOPLFURELRPHDQG WKHTXHVW IRU ORQJ
OLIH)URQW3XEOLF+HDOWK





 4LQ - /L 5 5DHV - HW DO $ KXPDQ JXW PLFURELDO JHQH FDWDORJXH HVWDEOLVKHG E\ PHWDJHQRPLF
VHTXHQFLQJ1DWXUH
 1LHOVHQ +% $OPHLGD 0 -XQFNHU $6 HW DO ,GHQWLILFDWLRQ DQG DVVHPEO\ RI JHQRPHV DQG JHQHWLF
HOHPHQWV LQ FRPSOH[ PHWDJHQRPLF VDPSOHV ZLWKRXW XVLQJ UHIHUHQFH JHQRPHV 1DW %LRWHFKQRO

 /L--LD+&DL;HWDO$QLQWHJUDWHGFDWDORJRIUHIHUHQFHJHQHV LQ WKHKXPDQJXWPLFURELRPH1DW
%LRWHFKQRO
 )DLWK -- *XUXJH -/ &KDUERQQHDX0 HW DO 7KH ORQJWHUP VWDELOLW\ RI WKH KXPDQ JXW PLFURELRWD
6FLHQFH










 :HLVV 6 $PLU $ +\GH (5 HW DO 7UDFNLQJ GRZQ WKH VRXUFHV RI H[SHULPHQWDO FRQWDPLQDWLRQ LQ
PLFURELRPHVWXGLHV*HQRPH%LRO
 6DOWHU 6- &R[ 0- 7XUHN (0 HW DO 5HDJHQW DQG ODERUDWRU\ FRQWDPLQDWLRQ FDQ FULWLFDOO\ LPSDFW
VHTXHQFHEDVHGPLFURELRPHDQDO\VHV%0&%LRO




 -DNREVVRQ +( $EUDKDPVVRQ 75 -HQPDOP0& HW DO 'HFUHDVHG JXW PLFURELRWD GLYHUVLW\ GHOD\HG
%DFWHURLGHWHV FRORQLVDWLRQ DQG UHGXFHG7K UHVSRQVHV LQ LQIDQWV GHOLYHUHGE\ FDHVDUHDQ VHFWLRQ*XW


























 &RVWHOOR (. 6WDJDPDQ . 'HWKOHIVHQ / HW DO 7KH DSSOLFDWLRQ RI HFRORJLFDO WKHRU\ WRZDUG DQ
XQGHUVWDQGLQJRIWKHKXPDQPLFURELRPH6FLHQFH
 :LOOLDPV6&*QRWRELRWLFV3URF1DWO$FDG6FL86$
 0D\QDUG &/ (OVRQ &2 +DWWRQ 5' HW DO 5HFLSURFDO LQWHUDFWLRQV RI WKH LQWHVWLQDO PLFURELRWD DQG
LPPXQHV\VWHP1DWXUH














 3HWQLFNL2FZLHMD 7 +UQFLU 7 /LX <- HW DO 1RG LV UHTXLUHG IRU WKH UHJXODWLRQ RI FRPPHQVDO
PLFURELRWDLQWKHLQWHVWLQH3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHVRIWKH8QLWHG6WDWHVRI
$PHULFD

















 :DFNOLQ 3 .DXNLQHQ . 7XRYLQHQ ( HW DO 7KH GXRGHQDO PLFURELRWD FRPSRVLWLRQ RI DGXOW FHOLDF
GLVHDVH SDWLHQWV LV DVVRFLDWHG ZLWK WKH FOLQLFDO PDQLIHVWDWLRQ RI WKH GLVHDVH ,QIODPP %RZHO 'LV























 'DYLGV0+XJHQKROW] )0DUWLQVGRV6DQWRV9 HW DO)XQFWLRQDO3URILOLQJRI8QIDPLOLDU0LFURELDO






 7XUQEDXJK 3- 5LGDXUD 9. )DLWK -- HW DO 7KH HIIHFW RI GLHW RQ WKH KXPDQ JXW PLFURELRPH D
PHWDJHQRPLFDQDO\VLVLQKXPDQL]HGJQRWRELRWLFPLFH6FL7UDQVO0HGUD
























 $PLQRY5,$EULHIKLVWRU\RI WKHDQWLELRWLFHUD OHVVRQV OHDUQHGDQGFKDOOHQJHV IRU WKHIXWXUH)URQW
0LFURELRO




















 6WHFKHU%'HQ]OHU50DLHU/ HW DO*XW LQIODPPDWLRQ FDQERRVW KRUL]RQWDO JHQH WUDQVIHU EHWZHHQ
SDWKRJHQLFDQGFRPPHQVDO(QWHUREDFWHULDFHDH3URFHHGLQJVRI WKH1DWLRQDO$FDGHP\RI6FLHQFHVRI
WKH8QLWHG6WDWHVRI$PHULFD
 .DUDPL 1 0DUWQHU $ (QQH 9, HW DO 7UDQVIHU RI DQ DPSLFLOOLQ UHVLVWDQFH JHQH EHWZHHQ WZR








 +XPDQ 0LFURELRPH &RQVRUWLXP * 6WUXFWXUH IXQFWLRQ DQG GLYHUVLW\ RI WKH KHDOWK\ KXPDQ
PLFURELRPH1DWXUH
 $UXPXJDP 0 5DHV - 3HOOHWLHU ( HW DO (QWHURW\SHV RI WKH KXPDQ JXW PLFURELRPH 1DWXUH

 /DKWL / 6DORMDUYL - 6DORQHQ $ HW DO 7LSSLQJ HOHPHQWV LQ WKH KXPDQ LQWHVWLQDO HFRV\VWHP 1DW
&RPPXQ
 +XVH60<H<=KRX< HW DO$ FRUHKXPDQPLFURELRPHDVYLHZHG WKURXJK6 U51$VHTXHQFH
FOXVWHUV3/R62QHH
 6DORQHQ$6DORMDUYL -/DKWL/ HWDO7KHDGXOW LQWHVWLQDOFRUHPLFURELRWD LVGHWHUPLQHGE\DQDO\VLV
GHSWKDQGKHDOWKVWDWXV&OLQ0LFURELRO,QIHFW6XSSO




 )OLQW+-%D\HU($5LQFRQ07 HW DO 3RO\VDFFKDULGH XWLOL]DWLRQE\ JXW EDFWHULD SRWHQWLDO IRU QHZ
LQVLJKWVIURPJHQRPLFDQDO\VLV1DW5HY0LFURELRO
 9DQ /DHUH .0 +DUWHPLQN 5 %RVYHOG 0 HW DO )HUPHQWDWLRQ RI SODQW FHOO ZDOO GHULYHG





 &ODHVVRQ0- &XVDFN 62




































 6WDFNHQEUDQGW((-7D[RQRPLFSDUDPHWHUV UHYLVLWHG WDUQLVKHGJROG VWDQGDUGV0LFURELRORJ\7RGD\
9ROXPH








 :DQJ 4 *DUULW\ *0 7LHGMH -0 HW DO 1DLYH %D\HVLDQ FODVVLILHU IRU UDSLG DVVLJQPHQW RI U51$
VHTXHQFHVLQWRWKHQHZEDFWHULDOWD[RQRP\$SSO(QYLURQ0LFURELRO
 $PDQQ5, /XGZLJ: 6FKOHLIHU.+ 3K\ORJHQHWLF LGHQWLILFDWLRQ DQG LQ VLWXGHWHFWLRQ RI LQGLYLGXDO
PLFURELDOFHOOVZLWKRXWFXOWLYDWLRQ0LFURELRO5HY






 &ODHVVRQ 0- :DQJ 4 2
6XOOLYDQ 2 HW DO &RPSDULVRQ RI WZR QH[WJHQHUDWLRQ VHTXHQFLQJ
WHFKQRORJLHV IRU UHVROYLQJKLJKO\FRPSOH[PLFURELRWDFRPSRVLWLRQXVLQJ WDQGHPYDULDEOH6 U51$
JHQHUHJLRQV1XFOHLF$FLGV5HVH




 :HUQHU -- =KRX ' &DSRUDVR -* HW DO &RPSDULVRQ RI ,OOXPLQD SDLUHGHQG DQG VLQJOHGLUHFWLRQ
VHTXHQFLQJIRUPLFURELDO6U51$JHQHDPSOLFRQVXUYH\V,60(-
 =KRX +: /L ') 7DP 1) HW DO %,3(6 D FRVWHIIHFWLYH KLJKWKURXJKSXW PHWKRG IRU DVVHVVLQJ
PLFURELDOGLYHUVLW\,60(-
 %DUWUDP $. /\QFK 0' 6WHDUQV -& HW DO *HQHUDWLRQ RI PXOWLPLOOLRQVHTXHQFH 6 U51$ JHQH
OLEUDULHVIURPFRPSOH[PLFURELDOFRPPXQLWLHVE\DVVHPEOLQJSDLUHGHQGLOOXPLQDUHDGV$SSO(QYLURQ
0LFURELRO




 6FKORVV 3':HVWFRWW 6/ 5\DELQ 7 HW DO ,QWURGXFLQJPRWKXU RSHQVRXUFH SODWIRUPLQGHSHQGHQW









 4XLQFH & /DQ]HQ $ 'DYHQSRUW 5- HW DO 5HPRYLQJ QRLVH IURP S\URVHTXHQFHG DPSOLFRQV %0&
%LRLQIRUPDWLFV
 6WDFNHEUDQGW ( *RHEHO %0 $ SODFH IRU '1$±'1$ UHDVVRFLDWLRQ DQG 6 ULERVRPDO51$
VHTXHQFHDQDO\VLVLQWKHSUHVHQWVSHFLHVGHILQLWLRQLQEDFWHULRORJ\,QW-6\VW%DFWHULRO±







 /LX = /R]XSRQH & +DPDG\ 0 HW DO 6KRUW S\URVHTXHQFLQJ UHDGV VXIILFH IRU DFFXUDWH PLFURELDO
FRPPXQLW\DQDO\VLV1XFOHLF$FLGV5HVH
 6RHUJHO '$ 'H\ 1 .QLJKW 5 HW DO 6HOHFWLRQ RI SULPHUV IRU RSWLPDO WD[RQRPLF FODVVLILFDWLRQ RI
HQYLURQPHQWDO6U51$JHQHVHTXHQFHV,60(-
 .LP 0 0RUULVRQ 0 <X = (YDOXDWLRQ RI GLIIHUHQW SDUWLDO 6 U51$ JHQH VHTXHQFH UHJLRQV IRU
SK\ORJHQHWLFDQDO\VLVRIPLFURELRPHV-0LFURELRO0HWKRGV
 +D\DVKL + 6DNDPRWR 0 %HQQR < (YDOXDWLRQ RI WKUHH GLIIHUHQW IRUZDUG SULPHUV E\ WHUPLQDO






 :X *' /HZLV -' +RIIPDQQ & HW DO 6DPSOLQJ DQG S\URVHTXHQFLQJ PHWKRGV IRU FKDUDFWHUL]LQJ
EDFWHULDOFRPPXQLWLHVLQWKHKXPDQJXWXVLQJ6VHTXHQFHWDJV%0&0LFURELRO
 +XPDQ 0LFURELRPH 3URMHFW &RQVRUWLXP * $ IUDPHZRUN IRU KXPDQ PLFURELRPH UHVHDUFK 1DWXUH

 -XPSVWDUW &RQVRUWLXP+XPDQ0LFURELRPH 3URMHFW 'DWD *HQHUDWLRQ:RUNLQJ * (YDOXDWLRQ RI 6
U'1$EDVHGFRPPXQLW\SURILOLQJIRUKXPDQPLFURELRPHUHVHDUFK3/R62QHH
 +XVH 60 +XEHU -$ 0RUULVRQ +* HW DO $FFXUDF\ DQG TXDOLW\ RI PDVVLYHO\ SDUDOOHO '1$
S\URVHTXHQFLQJ*HQRPH%LRO5
 6FKORVV 3' *HYHUV ' :HVWFRWW 6/ 5HGXFLQJ WKH (IIHFWV RI 3&5 $PSOLILFDWLRQ DQG 6HTXHQFLQJ
$UWLIDFWVRQ6U51$%DVHG6WXGLHV3ORV2QH




PLFURDUUD\ IRU H[SORULQJ PLFURELDO FRPPXQLW\ VWUXFWXUHV LQ WKH KXPDQ GLVWDO LQWHVWLQH 3/R6 2QH
H
 YDQGHQ%RJHUW%GH9RV:0=RHWHQGDO(*HWDO0LFURDUUD\DQDO\VLVDQGEDUFRGHGS\URVHTXHQFLQJ




 &DQGHOD 0 &RQVRODQGL & 6HYHUJQLQL 0 HW DO +LJK WD[RQRPLF OHYHO ILQJHUSULQW RI WKH KXPDQ




 5DMLOLF6WRMDQRYLF 0 +HLOLJ +* 0ROHQDDU ' HW DO 'HYHORSPHQW DQG DSSOLFDWLRQ RI WKH KXPDQ
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DFFXUDWHDQGYDOLGDWHGSLSHOLQHIRUDQDO\VLVRI6U51$DPSOLFRQVIURPFRPSOH[ELRPHV>YHUVLRQ
UHIHUHHVDZDLWLQJSHHUUHYLHZ@)5HVHDUFK








 7DEHUQHUR 0 9HQHPD . 0DDWKXLV $- HW DO 0HWDEROLWH SURGXFWLRQ GXULQJ LQ YLWUR FRORQLF
IHUPHQWDWLRQ RI GLHWDU\ ILEHU DQDO\VLV DQG FRPSDULVRQ RI WZR (XURSHDQ GLHWV - $JULF )RRG &KHP

 /R]XSRQH & /ODGVHU 0( .QLJKWV ' HW DO 8QL)UDF DQ HIIHFWLYH GLVWDQFH PHWULF IRU PLFURELDO
FRPPXQLW\FRPSDULVRQ,60(-
 0DFIDUODQH *7 0DFIDUODQH 6 0RGHOV IRU LQWHVWLQDO IHUPHQWDWLRQ DVVRFLDWLRQ EHWZHHQ IRRG
FRPSRQHQWV GHOLYHU\ V\VWHPV ELRDYDLODELOLW\ DQG IXQFWLRQDO LQWHUDFWLRQV LQ WKH JXW &XUU 2SLQ
%LRWHFKQRO
 9DQGHQ$EEHHOH3*URRWDHUW&0DU]RUDWL0HWDO0LFURELDOFRPPXQLW\GHYHORSPHQWLQDG\QDPLF








 0DUWLQH] 5& &DUGDUHOOL +5 %RUVW: HW DO (IIHFW RI JDODFWRROLJRVDFFKDULGHV DQG %LILGREDFWHULXP
DQLPDOLV%ERQJURZWKRI/DFWREDFLOOXVDP\ORYRUXV'60PLFURELDOFRPPXQLW\VWUXFWXUH
DQGPHWDEROLWHSURGXFWLRQ LQDQ LQYLWUR FRORQLFPRGHO VHWXSZLWKKXPDQRUSLJPLFURELRWD)(06
0LFURELRO(FRO







 5XVVHOO :5 *UDW] 6: 'XQFDQ 6+ HW DO +LJKSURWHLQ UHGXFHGFDUERK\GUDWH ZHLJKWORVV GLHWV
SURPRWHPHWDEROLWHSURILOHVOLNHO\WREHGHWULPHQWDOWRFRORQLFKHDOWK$P-&OLQ1XWU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

 2XZHKDQG $& 'HUULHQ 0 GH 9RV : HW DO 3UHELRWLFV DQG RWKHU PLFURELDO VXEVWUDWHV IRU JXW
IXQFWLRQDOLW\&XUU2SLQ%LRWHFKQRO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 'DYLG /$ 0DXULFH &) &DUPRG\ 51 HW DO 'LHW UDSLGO\ DQG UHSURGXFLEO\ DOWHUV WKH KXPDQ JXW
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 :X *' &KHQ - +RIIPDQQ & HW DO /LQNLQJ /RQJ7HUP 'LHWDU\ 3DWWHUQV ZLWK *XW 0LFURELDO
(QWHURW\SHV6FLHQFH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 %DOODO 6$ *DOOLQL &$ 6HJDWD 1 HW DO +RVW DQG JXW PLFURELRWD V\PELRWLF IDFWRUV OHVVRQV IURP
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K 'HSDUWPHQW RI +XPDQ %LRORJ\ 1875,0 6FKRRO RI 1XWULWLRQ DQG 7UDQVODWLRQDO 5HVHDUFK LQ 0HWDEROLVP
0DDVWULFKW8QLYHUVLW\0HGLFDO&HQWHU(50DDVWULFKW7KH1HWKHUODQGV




N'HSDUWPHQW RI9DVFXODU0HGLFLQH DQG'HSDUWPHQW RI ,QWHUQDO0HGLFLQH8QLYHUVLW\ RI$PVWHUGDP ''
$PVWHUGDP7KH1HWKHUODQGV
P 'HSDUWPHQW RI 3HGLDWULF *DVWURHQWHURORJ\ DQG +HSDWRORJ\ %HDWUL[ &KLOGUHQ¶V +RVSLWDO 8QLYHUVLW\ 0HGLFDO
&HQWHU*URQLQJHQ*=*URQLQJHQ7KH1HWKHUODQGV
Q 'HSDUWPHQW RI +3% 6XUJHU\ DQG /LYHU 7UDQVSODQWDWLRQ ,QVWLWXWH RI /LYHU DQG 'LJHVWLYH +HDOWK 8QLYHUVLW\
&ROOHJH/RQGRQ/RQGRQ8QLWHG.LQJGRP
R 1XWULWLRQ0HWDEROLVP DQG *HQRPLFV JURXS 'LYLVLRQ RI +XPDQ 1XWULWLRQ:DJHQLQJHQ 8QLYHUVLW\ (9
:DJHQLQJHQ7KH1HWKHUODQGV




7KH EHJLQQLQJ RI P\ 3K' ZDV GRPLQDWHG E\0XUSKLHV /DZ ZKLFK PDGH LW D GLIILFXOW
SHULRG IRUPH EXW DOVR RU HYHQPRUH VR IRU WKH SHRSOHZKR KDG WR GHDO ZLWKPH 7KLV
ERRNOHWZDVUHDOO\LVDWHDPHIIRUWDQGDOVRIHHOVOLNHDELWRIFORVXUHIRUWKLVSHULRGVRZLWK
WKLVVHFWLRQ,¶GOLNHWRWKDQNDQ\RQHZKRKDVGLUHFWO\RULQGLUHFWO\FRQWULEXWHGWRWKLVWKHVLV
+DXNHEHGDQNWYRRU MH WRHZLMGLQJDDQGHSURPRWRU WDNHQ HQKHWDOWLMGNULWLVFK OH]HQYDQ
PLMQ PDQXVFULSWHQ =H ZHUGHQ HU DOWLMG LQVWDQWO\ EHWHU GRRU 'RRUGDW ZH LQ GULH
YHUVFKLOOHQGH7,)1SURMHFWHQ]DWHQZDDULHGHUHHQSHUSURMHFWYDQLQ]HWXLWJLQJZDV
KHWQLHW DOWLMGJHPDNNHOLMNRPGDWZDDU WHPDNHQPDDUJHOXNNLJKHE MHRQVPHW MHDOWLMG
GLSORPDWLHNHDDQSDNUHGHOLMNXLWGHZLQGNXQQHQKRXGHQHQKHWZDVSUHWWLQJRPMHGDDURP
LQ RQ]H KRHN WH KHEEHQ (UZLQ RRN MLM EHGDQNW YRRU MH EHJHOHLGLQJ HQWKRXVLDVPH
GLVFXVVLHVHQNHQQLVGLHMHKHEWRPGDWMHYDQDIKHWEHJLQLQGLWPRRLHYHOGDDQZH]LJEHQW
JHZHHVW,NYHUJHHW]HNHUQLHWGHPRRLHJHVSUHNNHQHQXSGDWHVRYHUMHMHXJGKHOGHQXLWGH
MDUHQ  WKUDVK VFHQH (HQ JHQUH ZDW LN RYHULJHQV RRN ]HHU NDQ ZDDUGHUHQ0DDU EHLGH
YRRUDO EHGDQNW YRRU KHW EHJULS WRHQ KHW RS SHUVRRQOLMN YODN QLHW ]R JRHG JLQJ 'H]H
VWHXQKHHIWPHKHHOYHHOJRHGJHGDDQHQPDDNWHDQGHUHGLQJHQGDDUGRRUOLFKWHU
-DYL µ+DEL¶ ZH KDYH PRUH QDPHV IRU \RX EXW , FDQQRW PHQWLRQ WKRVH KHUH:H VWDUWHG
RXU 3K' SURMHFWV RQO\ D IHZ PRQWKV DSDUW LQ WKH VDPH SURMHFWV ,W¶V QRW HDV\ EHLQJ
 LQ WKUHH GLIIHUHQW SURMHFWV HVSHFLDOO\ DW RXU DJH  :H KDG WR GHDO ZLWK WKH
VDPH VWXII µ*HGHHOGH VPDUW LV KDOYH VPDUW¶ DV ZH VD\ <RX¶OO SUREDEO\ KDYH D QLFH
6SDQLVK VD\LQJ LQ UHWXUQ %XW QH[W WR EHLQJ LQ WKH VLWXDWLRQ ZH KDYH VLPLODU ZD\
DSSURDFKLQJ RXU ZRUN WKH GHYLO¶V LQ WKH GHWDLOV WKDQNV +DXNH DQG (UZLQ IRU \RXU
SDWLHQFHZLWKXV7KDQNVIRU WKHGLVFXVVLRQVDQGZDONVWRWKH$OEHUW+HLMQIRUOXQFKIRU
VKDULQJ \RXU ORRN RQ OLIH DQG IRU WKH RQH OLQHUV VXFK DV µZH DUH D VFUHZ¶ DQG LQVHUW
ZKDWHYHUYHUEµOLNHKHOO¶DQGRIFRXUVHWKH6SDQLVK URDG WULSV ,W¶V EHHQ D SOHDVXUH DQG
µ0XFKRV EXHQD H JUDFLDV¶ VR KRZ¶V \RXU 'XWFK DIWHU  \HDUV" 5RP\ µ:RP\¶ ZH¶YH
EHHQ URRPPDWHV IRU DERXW WKUHH \HDUV DQGGXULQJ D 3K' WKDW VHHPV OLNH D OLIHWLPH
,W¶V EHHQ LQVSLULQJ WR VHH KRZ \RX GHDO ZLWK HYHU\WKLQJ WKDW FDPH\RXUZD\ ,W¶V DOVR
EHHQ LQVSLULQJ WR KDYH VHHQ \RX JURZ DV D SHUVRQ DV ZHOO DV D VFLHQWLVW 7DNH LW DV D
FRPSOLPHQW WKDW , VWLOO WKLQN WKDW \RX KDYH  \HDUV WR JR LWPHDQV \RX GRQ¶W KDYH WKDW
µRQO\ D IHZ PRQWKV WR JR ORRN¶   ,¶P UHDOO\ SURXG DQG WKDQNIXO WKDW \RX DUHP\
SDUDQ\PSKV
9RRUGDW LN QDDU GH PLFURELRORJHQ JD ZLO LN HHUVW GH VXSSRUWLQJ VWDII EHGDQNHQ =RQGHU
MXOOLHJHHQODERUDWRU\RIPLFURELRORJ\$QMD	&DUROLHQEHGDQNWYRRUKHWJHGXOGKXOSHQ
EHJULS 6MRQ 6WHYHQ
V¶ 7RQ ± YHUMDDUGDJVFDNH YDQ GHPDUNW 7RP YG:  5:& 










ZRUN VWXII$ VSHFLDO WKDQNV WR/HR µPRL¶ DOWKRXJK , VRPHWLPHVPLJKW KDYH SURFODLPHG
WKLVDIWHU,PDGHVRPHWKLQJZRUNDIWHUZHHNVRIIUXVWUDWLRQ\RXDUHWKHWUXH³NLQJRI5´
7KDQN \RX VRPXFK IRU \RXU SDWLHQFH DQG H[SODQDWLRQV \RXU KHOS ZDV LQYDOXDEOH $OVR
EHVLGHVZRUNZHKDGVRPHJUHDWGLVFXVVLRQVRQOLIHGXULQJDQGDIWHUDGDUNSHULRGLQPLQH
7KDQNVIRUWKRVH
2I FRXUVH D WKDQN \RX WR DOO WKH 0RO(FR¶V DQG HVSHFLDOO\ 6XVDQD ± WKDQNV IRU WKH
FRQYHUVDWLRQVDQGKHOSZLWK&20,&1RRUD7RPDV7RPYG%	6HEDVWLDQ±EHLGHDOWLMG
VXSHU EHKXOS]DDP HQ EHGDQNW YRRU GH VWDPPHQ YRRU GH0&V &ROLQH 7HUHVLWD 'HQQLV
µ'HQLVH¶ $OHNVDQGU µ7KH 5UUXVLDQ¶ 1DLP *LDQLQD .ODXG\QD +DQQH &ODUD 'HWPHU
*HRUJ,QUD7HUHVLWD/RRZHH-RKDQQD-RDQ)ORRU'HWPHU6XGDUVKDQ0DULD6+DQQH
+XJR.HHV0DXULFLRDQG0DUFHOOH
2YHUDOO , KDG D JUHDW WLPH DW PLFURELRORJ\ DQG WKDQN \RX :LOOHP IRU FUHDWLQJ VXFK D
VWLPXODWLQJHQYLURQPHQW7KHLQWHUQDWLRQDOFKDUDFWHUVSLFHGWKLQJVXSHVSHFLDOO\DW OXQFK
6R , ZRXOG OLNH WR WKDQN DOO PLFURELRORJLVWV DQG 66%¶HUV IRU VXFK DQ RYHUDOO JUHDW




µ6WUHSVLOV¶ ,UHQH 6YHQ 7HXQNH %DV 5D\PRQG %HQRLW µ%HQRLVH¶ %DVWLDQ µ%DVWL¶ .DO
0DDUWHQ -HVVH :LHEH &DWDOLQD (PPD 5RE -DVSHU 0DULD 6' %DUW 0RQLND %HFFD
0RQLU0DUN'DQG'HU\DIRU\RXUFRQWULEXWLRQVFRQVFLRXVRURWKHUZLVHWRWKLVWKHVLV
2I FRXUVH D ELJ WKDQN \RX WR DOO RI WKH FRDXWKRUV DV PRVW RI WKH ZRUN SUHVHQWHG KHUH
ZRXOGQ¶W KDYH EHHQ SRVVLEOH ZLWKRXW \RX , ZRXOG OLNH WR DSRORJL]H OLNH ZLWK VSRUWV ,
VRPHWLPHVWXUQLQWRDGLIIHUHQWSHUVRQGXULQJZRUNDQGWKDQN\RXIRUFRSLQJZLWKWKLVDQG
\RXU SDWLHQFH ,Q SDUWLFXODU &DWKHULQH IRU \RXU SRVLWLYH RXWORRN DQG IRU PD\EH




EHGDQNWYRRUDOOHSRVLWLHYH LQSXW6DPHJRHVIRUP\VWXGHQWV.HUVWLQ-LQJMLH -LD[LQJ DQG
'RPLQLF FRXOGQ¶W KDYH GRQH LW ZLWKRXW \RXU KHOS $QG WKDQNV WR P\ IRUPHU







YRRU DOOH VWHXQ GH DIJHORSHQ MDUHQ HQ MH SRVLWLYLVPH HQ VDPHQ PHW (ONH YRRU MXOOLH
JDVWYULMKHLG +HW YRHOW DOV YDNDQWLH HHQ GDJMH ELM MXOOLH .LWW\ *HHUGLQN (OVD HQ (OVKRI
EHGDQNW YRRU DOOH DIOHLGLQJ VWHXQ HQ QD HHQ DYRQGMH ORVJDDQPHW MXOOLH NDQ HHQPHQV HU
ZHHUWHJHQ'HZDWDFWLHYHUHOHGHQYDQ7RXUGHOHGLJHUIYRRUVSRUWLHYHDIOHLGLQJ(PLHO
:RXWHU	5LHYLWEHGDQNWYRRUKHWDI]LHQGRRUHHQSDDUXXUDOOHHQQDDUHHQDFKWHUZLHOWH
VWDUHQ YHUJHHW MH GLH3K' RRN HHQV (Q YHUGHU QRJ 3HWHU 6WHSKDQ 0DULH 3DXOD %RULV
%DVMHHQ'RULDQEHGDQNWYRRUDOOHVZDWMXOOLHGH]HSHULRGHYRRUPHEHWHNHQGKHEEHQ
(Q QDWXXUOLMN GH PHQVHQ GLH KHW GLFKWVWELM KHEEHQ JHVWDDQ 0DPD HQ 2ZHQ KHW ]LMQ
WURSHQMDUHQJHZHHVWGHDIJHORSHQWLMGPDDUGDDUGRRULVHUGHVWHPHHUZDDUGHULQJYRRUGH
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2YHUYLHZRIFRPSOHWHGWUDLQLQJDFWLYLWLHV
'LVFLSOLQHVSHFLILFDFWLYLWLHV
&RXUVHV
)XQFWLRQDO0HWDJHQRPLFVRIWKH,QWHVWLQDO7UDFWDQG)RRG5HODWHG
0LFUREHV+HOVLQNL),
$GYDQFHGYLVXDOLVDWLRQLQWHJUDWLRQDQGELRORJLFDOLQWHUSUHWDWLRQ
RIRPLFVGDWD:DJHQLQJHQ1/
7,)1:RUNVKRSRQ,QWHOOHFWXDO3URSHUW\:DJHQLQJHQ1/
7KHLQWHVWLQDOPLFURELRPH$QG'LHWLQ+XPDQDQG$QLPDOKHDOWK
:DJHQLQJHQ1/±SRVWHUSUHVHQWDWLRQ 
0HHWLQJV
WK*XWGD\V\PSRVLXP:DJHQLQJHQ1/±SRVWHUSUHVHQWDWLRQ
WKMRLQW,15$52:(77V\PSRVLXP
*XWPLFURELRWDIULHQGRUIRH"

&OHUPRQW)HUUDQG)5RUDO	SRVWHUSUHVHQWDWLRQ
WK*XWGD\V\PSRVLXP$PVWHUGDP1/±SRVWHUSUHVHQWDWLRQ
WK*XWGD\V\PSRVLXP5RWWHUGDP1/±SRVWHUSUHVHQWDWLRQ
*HQHUDOFRXUVHV
7,)1WHDPZRUNVKRSV:DJHQLQJHQ1/
,QWURGXFWRU\FRXUVH
5
:DJHQLQJHQ1/
3K'FRPSHWHQFHDVVHVVPHQW:DJHQLQJHQ1/ 
(IIHFWLYHEHKDYLRXULQ\RXU3URIHVVLRQDOVXUURXQGLQJV:DJHQLQJHQ1/
7,)1:(GD\V$PHODQG1/
7,)1:(GD\V$SHOGRRUQ1/
7,)1SUHVHQWDWLRQFRXUVH+RZWRJHWWKHULJKWPHVVDJHDFURVV(GH1/
2SWLRQDOV
3UHSDULQJ3K'SURSRVDO
/DERUDWRU\RI0LFURELRORJ\3K'WULS86$	&DQDGD
/DERUDWRU\RI0LFURELRORJ\3K'3RVWGRFPHHWLQJV
0ROHFXODU(FRORJ\JURXSPHHWLQJV
7,)1PHHWLQJVDQGFROORTXLD 
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7KHVWXGLHVSUHVHQWHGLQWKLV WKHVLVZHUHSHUIRUPHGZLWKLQWKHIUDPHZRUNRI7,)RRGDQG
1XWULWLRQ
&RORSKRQ
&RYHUGHVLJQ
/D\RXWGHVLJQ
3ULQWHGE\
,OLDQD%RVKRYHQ*NLQL$JLOH&RORU1RRUG6FKDUZRXGH7KH1HWKHUODQGV
*HUEHQ+HUPHV
*92GUXNNHUV	YRUPJHYHUV(GH7KH1HWKHUODQGV
